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Abstract 
Protease inhibitors are molecules capable of inhibiting the catalytic activities 
of proteolytic enzymes and are widely distributed in the plant kingdom. One 
chymotrypsin inhibitor (CI) and five trypsin inhibitors (TI-1 to TI-5) were isolated 
from Momordica cochinchinemis seeds in the present study by using acid 
extraction, ion exchange chromatography and reversed phase high pressure liquid 
chromatography. The specific inhibitory activity of CI against chymotrypsin 
was 2.8 U/mg while the specific inhibitory activities of TI-1 to TI-5 against 
trypsin all were about 3.5 U/mg. 
The molecular weight of CI is 6500. Its inhibitory constant (Ki) was 8.30 x 
8 • 
10" M and its optimum pH was 5.0 as determined by using an optical biosensor 
cuvette system. Besides inhibiting chymotrypsin, CI could also strongly inhibit 
subtilisin and weakly inhibit trypsin and elastase. The binding ratio to both 
chymolrypsin and subtilisin was one to one. Moreover, CI was not cleaved by 
chymotrypsin even after prolonged incubation. 
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With regard to the five trypsin isoinhibitors, TI-1 to TI-5, they all had a 
molecular weight of around 4500. Thus they were classified as the smallest type 
of serine protease inhibitors, squash type trypsin inhibitor. They were very 
specific and could inhibit only trypsin. Their K, against trypsin ranged from 5.30 










制常數（&0爲8.30 X 10-8摩爾濃度’而最佳作用酸鹼度則爲酸驗度5.0。 
CI除广“了抑制胰凝乳蛋白酶外，還可強烈抑制枯草桿菌蛋白酶，以及微弱抑 
制胰逛I '1酶和彈性蛋白酶。而CI與胰凝乳蛋由酶及枯草桿菌蛋白酶的結合比 
例則均爲_ ,一。而且’即使經過長時間的培育’ C1仍不會被胰凝乳蛋由酶 
购開。 
书於T I - 1至T I - 5五個胰蛋由酶同工抑制劑，它們的分子量则全約爲 
4500 ’闪此它們被分類爲體積最小的一類絲氨酸蛋白酶抑制劑 南瓜 
類胁！^丨‘丨酶抑制劑°它們的專一性極高，只能抑制胰蛋[^�酶。其抑制常數爲 
iv 
5.30 X 10_8至1.81 X 10_6摩爾濃度。它們全都不會被胰蛋白酶切開。 
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Chapter 1 Introduction 
Chapter 1 Introduction 
1.1 Overview of Serine Protease Inhibitors 
Protease inhibitors are molecules capable of inhibiting the catalytic activities 
of proteolytic enzymes. The elegant studies of Kunitz during the 1940's 
pioneered the isolation of trypsin inhibitors from soybeans and demonstrated their 
protein nature (Birk, 1985). After that, many other serine protease inhibitors 
have been found. Serine protease inhibitors are widely distributed in eukaryotes 
and prokaryotes, in plants and animals, and a large number of them have been 
reported (Laskowski, Jr. and Kato, 1980; Potempa et al., 1995; Wilimowska-Pelc 
et al., 1999; Zhao et aI., 1996). The serine protease inhibitors have been 
extensively studied since they are involved in many biological systems, affect the 
nutritional value of many diets, e.g., soybeans, and can act as model for the study 
ofprotein-protein interaction. 
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1.2 Classification of Serine Protease Inhibitors 
Until now, there are several different ways to classify serine protease 
inhibitors. The most common one is based on the molecular weight and the 
proportion of half-cystine residues in the serine protease inhibitor. Three types 
of serine protease inhibitors have thus been classified: the Kunitz type, 
Bowman-Birk type and squash type. Each type of serine protease inhibitors has 
its own characteristics (Norioka and Ikenaka, 1983a; Shibata et al., 1986; 
Wieczorek et al., 1985). 
The largest serine protease inhibitor, with a molecular weight around 20000, 
belongs to the Kunitz type (Kimura et al., 1993). The type of inhibitors with a 
molecular weight around 10000 is the Bowman-Birk type (Norioka and Ikenaka, 
1983b). The squash type inhibitor is the smallest one among the three and has a 
molecular weight around 3500 (Lee and Lin, 1995). 
Another determining factor is the content of half-cystine residues, in other 
words, the number of intra-molecular disulfide bonds in the inhibitor molecule 
(Hamato et al., 1995). The three types of serine protease inhibitor have different 
2 
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number of disulfide bonds. The Kunitz type, the Bowman-Birk type and the 
squash type serine protease inhibitors have two, seven and three disulfide bonds 
respectively (Argall et al., 1994; Hara et al., 1989; Kalume et al., 1995). 
The number of active sites also varies among the three types. Usually, the 
Kunitz type and the Bowman-Birk type have two independent active sites. The 
two active sites can independently inhibit different serine proteases, e.g., one for 
trypsin and another for chymotrypsin. The squash type serine protease inhibitor 
is single headed, i.e., it possesses only one active site. It can be easily 
understood since the squash type serine protease inhibitors are so small that it can 
afford to have only one active site. All serine protease inhibitors inhibit 
proteases by blocking the active site of proteases (de Freitas et al., 1997). Table 
1.1 briefly compares the properties ofdifferent serine protease inhibitors. 
In addition to the physicochemical properties, the potency of the different 
serine protease inhibitors, which is displayed as inhibitory constant (K,) or 
dissociation equilibrium constant {Ko) with the unit of M, is also different. 
These kinetic constants are defined as koty/kon and k i^ss/kass respectively, whereas 
kdiss and koir are the dissociation rate constants with the unit of s ' ' , and kgss and kon 
- -
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Table 1.1 Basic physicochemical properties of different types of 
serine protease inhibitors 
Type of Serine Number of Number of 
^ ^ , . , . . Molecular Number of 
Protease Amino Acid Disulfide 
I u u-. n � Weight ^ � Active Sites 
Inhibitor Residues Bonds 
Kunitz � 1 7 0 �20000 2 2 
Bowman-Birk � 7 0 �8000 7 ‘ 2 
Squash � 3 0 �3500 3 1 
4 
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are the association rate constants in the unit o fM" ' s " ' . In this way, a lower value 
of Kj represents a tighter binding between the inhibitor and protease, i.e., a higher 
potency of inhibitor toward the protease. A common range of K!) in biological 
systems is between 10'" M and 10"^  M while the range of Kj of serine protease 
inhibitor is usually from 10"'^ M to 10"^M, 
Among the three types of serine protease inhibitors, usually the strongest one 
is the squash type, The Bowman-Birk type and the Kunitz type have similar Kj 
values. In fact, it is difficult to compare the Kj of Bowman-Birk type and Kunitz 
type inhibitors since they have two active sites and these two sites may be very 
different (Norioka et al., 1982). Therefore, the Kj values of these two types of 
inhibitors are the average value of the two active sites (Shibata et al” 1986). 
Some Ki values of different types of serine protease inhibitors are listed in Table 
1.2. Nevertheless, although the difference is small, different serine protease 
inhibitors of the same type can have different potencies. 
Most of the inhibitors, regardless of their type, the Kunitz type, the 
Bowman-Birk type or the squash type, have been isolated as trypsin inhibitors. 
However, almost without exception, they inhibit other enzymes even though they 
5 
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Table 1.2 Inhibitory constants (Ki) of serine protease inhibitors 
against trypsin 
Type of Name of 
inhibitors inhibitor "ource _ ) 
WTI-2 Psophocarpus tetragonolobus 4.00 x 10"® 
WTI-3 Psophocarpus tetragonolobus 2.00 x 10"^° 
Kunitz 
WTCI-1 Psophocarpus tetragonolobus 6.00 x 10"^° 
ECTI Enterolobium contortisiliquum 1.56 x 10'^  
FMTI-II Setaria italica 3.00 x 1Q-^ ^ 
Bowman-
FMTI-III Setaria italica 2.70 x lo—” 
Birk 
BBI Glycine max 2.80 x 10"^° 
CMeTI-A Cucumis melo 1.60 x 10"^° 
CMeTI-B Cucumis melo 4.70 x 10'^° 
MCTI-I Momordica charantia 6.70 x lO ” 
Squash MCTI-II Momordica charantia 2.50 x io_n 
CMTI-I Cucurbita maxima 3.13 x 1 o_i2 
CPTI-II Cucurbita pepo 1.18 x io_i2 
EETI-II Ecballium elaterium 1.25 x 10"^ ^ 
(Batista etal., 1996; Favel etaL, 1989; Hara et al., 1989; Lee and Lin, 1995; 
Seidl and Liener, 1972; Shibata etal., 1986;Tashiro etal., 1991;Wieczorek 
etal., 1985) 
6 
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may do so with different potencies. In fact, which serine protease can be 
inhibited by an inhibitor is determined by the residues located in the active site of 
the inhibitor but not by their type (Eder et al., 1993; Feste and Gan, 1981; Jackson 
and Fersht, 1994; Longstaff et al., 1990; Malik et al., 1999). Therefore, even 
within the same type, there are different serine protease inhibitors. 
1.2.1 Kunitz Type Serine Protease Inhibitors 
The first Kunitz type serine protease inhibitor was isolated from soybean by 
Kunitz in 1945 (Birk, 1985). It is also the first serine protease inhibitor isolated 
from plants. Kunitz isolated it from the alcohol-insoluble fraction of soybeans 
and described it as 'A crystalline protein which inhibits the proteolytic activity of 
trypsin •.. but has very little inhibiting activity of chymotrypsin from defatted 
soybean meal，. 
The plant Kunitz type inhibitors, which are not related at all to the animal 
Kunitz type inhibitors, are the largest type of serine protease inhibitors. They 
have a molecular weight around 20000 containing about 170 amino acid residues 
and possess a content of half-cystine residues of about 2.2 %. Their four 
7 
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cysteine residues form two interchain disulfide bridges whereas the first cysteine 
residues link to the second one and the third cysteine residues link to the fourth 
one (Kortt et al., 1990). This gives the characteristic larger and smaller disulfide 
loops of the Kunitz type inhibitors. They are found in all Leguminosae 
subfamilies: Mimosoideae, Caesalpinoideae, Papilionoideae and also in the 
Solanaceae family. The Mimosoideae usually contains protease inhibitors which 
are formed by two polypeptide chains linked by a disulfide..bridge, thus differing 
from the other Kunitz-type single-chain inhibitors from the Caesalpinoideae and 
Papilonoideae subfamilies (Batista et al., 1996). 
Besides, most of the Kunitz type inhibitors are double-headed, with two 
active sites (Birk et al., 1967; Bosterling and Quast, 1981). Only one of the 
active site can bind to and inhibit trypsin whereas both active sites can bind to 
chymotrypsin although the activity against chymotrypsin is much lower 
(Bosterling and Quast, 1981; Kortt, 1980; Shibata et al., 1986). Kunitz type 
inhibitors with only one active site have also been found. For example，the 
Kunitz type trypsin inhibitor purified from Acacia elata was found to have only 
one active site. It can inhibit both trypsin and chymotrypsin with different 
potencies (Kortt and Jermyn, 1981). 
- -
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The amino acid sequences of some examples of Kunitz type serine protease 
inhibitors are shown in Table 1.3. There is a high homology among Kunitz type 
inhibitors from different sources. The homology is especially high regarding the 
active site residues. The first active site is located around the sixty-fifth residue 
and all are either Arg-Ser or Arg-Ile in trypsin inhibitors and Leu-Ser in 
chymotrypsin inhibitors, which are located in the middle of the large disulfide 
loop formed by Cys^'-Cys^^ On the other hand, the locatiqn of the second active 
site is still unclear. Three other potential Leu residues, which could function as a 
second active site against chymotrypsin in the inhibitor, are Leu^^-Val, Leu'^^-Ser 
and Leu"^-Val. However, it seems that Leu"^ may be the second active site 
against chymotrypsin since the Leu^^-Val and Leu'^^-Ser sequences are found in a 
number of the trypsin inhibitors of this type which can only weakly inhibit 
chymotrypsin (Kortt et al., 1990). 
9 
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Table 1.3 Amino acid sequences of Kunitz type serine protease 
inhibitors 
Inhibitor 1 ^ ^ 
WBCI DDDpDA^GNK^ENGGTYYLgHIWAHGGGIETAKIGNEPCPLTWRSP 
WBTI-2 Z E L V D V E G K T V R N G G T Y Y L V P Q L R P G G G G M E A A K V G N E D C P L T V V K S L 
WBTI-1 E P & L D S ^ G E L Y R N G G T Y Y L g D R W A L G G G I E A A A I G T E T C P L T W R S P 
ELTI V L L D G N G E V V Q N G G T Y Y L ^ Q V W A Q G G G V Q L A K T G E E T C P L T V V Q S P 
SBTI D n / L D N ^ G N F L W N G G T Y Y I L S D I T A F G - G I R A A P ; ^ G N E R C P L T V V Q S R 
60 ** 80 + 
W B C I N E V S K G E P I R I S S Q F L S L F I P R G——S L V A L G F A N P P S C A A S P - W W T V V 
WBTI-2 D E N S N G E P I R I A S R L R S T F I P E Y ——SLVNLGFADPPKCAPSP-FWTVV 
WBTI-1 N E V S V G E P L R I S S Q L R S G P I P D Y ——SLVRIGFANPPKC^P^P-WWIW 
ELTI N E L S D G K P I R I E S R L R S T F I P D D——DE V R I G F A Y A P K C A PS P - W W T V V 
SBTI N E L D K G I G T I I S P S Y R I R I I A E G H P L ^ K F D S F A V I M L C V G I P T E W S V V 
100 ** 120 + 
W B C I - D S P Q G - f A ; ^ K L S Q Q K L P E K D I L V F K I E K V S H - S N I H V - Y K L L X C Q H - D 
WBTI-2 K D Q S E R L P S I K L G E Y K D S E L D Y P - F K F E R V Y A A S K M Y A - Y K L L Y C G S E D 
WBTI-1 E D Q P Q Q - P S V K L S E L K S T K F D Y L - F R F E K V T - - S K F S S - Y K L K Y C A K R D — — — ~- _— 
ELTI E D E Q E G L - S V K L S E D E S T Q F D Y P - F K F E Q V S - - D K L H S - Y K L L Y C 
SBTI E D L P E G - £ A Y K I - G E N K D A M D G W - F R L E R V S - - D D E F N N Y K L V F C P Q Q A 
141 + 160 180 
WBCI E E - D V K C D Q Y I G I H R D R - N G N R R L V V T E E N P L E L V L L K A K S E T A S S H — — — — 
WBTI-2 E E E E M M C K D - I G V Y R D Q - E G Y Q R L V V S K H N P L V V G F K K A E S S T T — — .^^ 
WBTI-1 T C K D - I G I Y R D Q - K G Y A R L V V T D E N P L V V I F K K V E S S 
— — — — 
ELTI E G K H E K C A S - I G I N R D Q - K G Y R R L V V T E D N P L T V V L K K D E S S 
SBTI ^ _ - D D K C G D - I G I S I D H D D G T R R L W S K N K P L V Y Q F Q K L D K E S L 
(Kort tet al., 1990) 
WBCI: Wing bean chymotrypsin inhibitor; WBTI-2: Wing bean acidic 
trypsin inhibitor 2; WBTI-1: Wing bean basic trypsin inhibitor 1 ； ELTI: E. 
Iatissima trypsin inhibitor; SBTI: Soybean trypsin inhibitor. 
Residues conserved in the five inhibitors are highlighted and the 
homologous residues found in at least four inhibitors are underlined. 
Gaps (-) are introduced to maximize similarity. The reactive site residues 
are indicated by the asterisk (*), the cysteine residues are indicated by the 
plus mark (+). The numbering of the residues refers to the WBCI 
S6qu6nce. Z: Gluteimine or glutamate. 
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1.2.2 Bowman-Birk Type Serine Protease Inhibitors 
The second type of serine protease inhibitors found in plants is the Bowman-
Birk type serine protease inhibitor. Bowman in the late 1940s isolated a 
Bowman-Birk type trypsin inhibitor from the acetone-insoluble fraction of 
soybeans (Birk, 1985). 
Bowman-Birk trypsin inhibitor from soybean, which is assigned as BBI later, 
shows a pronounced stability to treatment with pepsin, suggesting that, when 
ingested, it may pass the stomach undamaged. This shows a difference from the 
Kunitz type inhibitor since the latter can be inactivated by pepsin (Birk, 1985). 
Bowman-Birk type is a more common type of serine protease inhibitors than 
the Kunitz type (Kortt, 1979; Lin et al., 1991). All the Bowman-Birk type 
inhibitors have around 70 amino acid residues and a high content of half-cystine 
residues (approx. 20 %). There are no free sulfhydryl groups and usually they 
will form 7 disulfide bonds. However, there are still some exceptions, e.g., the 
trypsin inhibitor III from Setaria italica have only 10 half-cystine residues 
(Tashiro et al., 1991) while the Cicer arietinum L. trypsin inhibitors P3. P4 have 
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16 half-cystine residues and P5, P6 have 14 half-cystine residues (Belew et al., 
1975). 
With regard to the number of active sites, Bowman-Birk type inhibitors are 
also double-headed (Jibson et al., 1981; Norioka and Ikenaka, 1984). Most of 
them have one active site for trypsin binding and another one for chymotrypsin 
binding (Odani and Ikenaka, 1973). The inhibitory activities against trypsin and 
chymotrypsin are usually equally high. One example of exception is the 
Bowman-Birk type inhibitor purified from Arachis hypogaeu which has two 
active sites for trypsin whereas only one of them can inhibit chymotrypsin 
(Norioka et al., 1982). 
The amino acid sequences of some Bowman-Birk type inhibitors are shown 
in Table 1.4. The high homology of residues, especially the cysteine residues, 
within the type can be observed. Besides, the most variable residues are located 
at the amino-terminal and carboxyl-terminal. It can be observed that the first 
active site for trypsin binding is located around the fifteenth residue. It is also 
highly homologous in that it only consists of either Arg-Ser or Lys-Ser. The 
second active site for chymotrypsin and trypsin binding is located around the 
12 
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Table 1.4 Amino acid sequences of Bowman-Birk type serine 
protease inhibitors 
Source 1 ++10+ + * * 20+ + 30+ 
G. max D D E S S K P C C D Q C A C T K S N P P Q C R C S D M R L N S C 
— — — — — — _ _ 
V. unguiculata SGHHZZSTZZASZSSKPCCRZCACTKSIPPZCRCSZV^NSC 
R aureus SHDEPSESSEPCCDSCDCTKSKPPQCHCANIRLNSC 
— — — — — - ^ 
V. faba GDDVKS-ACCDTCLCTKSEPPTCPCVDVG-ERC 
R angularis SVHHQDSSDEPSESSHPCCDLCLCTKSIPPQCQCADI^DSC 
R vulgaris ZHHZSSZZZPSZSSPPCCZICVCTRS工PPQCVCTZI^ZSC 
+ +40 • * +50 + 60+ 70 
G. max H S A C K S C I C A L S Y P A Q C F C V D I T D F C T E P C K P S E D D K E N — — — _ 
U. unguiculata HSACKSCACTFSIPAZCFCGZIZZFCYKPCKSSHSZZZZWN 
R aureus HSACKSCICTRSMPGKCRCLDTDDFCYKPCESMDKD 
— — — I-
\L faba HSACNSCVCRYSNPPKCQCFOTHKFCYKSCHN 
R angularis HSACKSCMCTRSMPGQCRCLDTHDFCH^CI^RDKD 
R vulgaris HSACKSCMCTRSMPGKCRCLZTTZYCYKSC^ZSGZZZ 
(Kalume etal., 1995) 
Glycine max: Soybean; Vigna unguiculata: Black-eye bean (Cowpea); 
Phaseolus aureus: Mung bean; Vicia faba: Broad bean; Phaseolus 
angularis: Adzuki bean; Phaseolus vulgaris: Kidney bean. 
Residues conserved in the six inhibitors are highlighted and the 
homologous residues found in at least four inhibitors are underlined. 
Gaps (-) introduced to maximize similarity. The reactive site residues are 
indicated by the asterisk (*) while the conserved cysteine residues are 
indicated by the plus sign (+). The numbering of the residues refers to the 
Bowman-Birk inhibitor (BBI) from soybean (G. max). The sequences are 
aligned by the location of cysteine residues. Z: Glutamine or glutamate. 
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fortieth residues (Asao et al., 1992). It is less homologous compared with the 
residues of the first active site (Kalume et al., 1995). 
The three-dimensional structure of Bowman-Birk type inhibitors has also 
been fully characterized. Fig. 1.1 shows the ribbon representation of the three 
dimensional structure o f B T C I from Vigna unguiculata (de Freitas et al., 1997). 
The residues in the active sites are the Lys'^ and Phe^^. The two active sites are 
located on two different sides of the inhibitor molecule and so it can bind to two 
relatively big molecules of protease (Norioka and Ikenaka, 1983a). 
Due to the hydrophobicity of the surface, Bowman-Birk inhibitors tend to 
form dimer in nature (Belew, 1977) and trimer in solutions of high ionic strength 
(Birk, 1985). 
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Fig. 1.1 Model of the 3-D structure of BTCI from Vigna unguiculata (de 
Freitas et al., 1997). The backbone structure is presented as ribbon and 
the side chains of amino acid are lightened. The two active sites against 
trypsin (Lys^®) and chymotrypsin (Phe^^) are labeled. The two active sites 
are located on the opposite side of the inhibitor molecule. 
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1.2.3 Squash Type Serine Protease Inhibitors 
The squash type trypsin inhibitors are the most recently found type among 
the three and have been purified from the seeds of Cucurbitaceous genuses 
including Luffa (Ling et al., 1993), Momordica (Hara et al., 1989), Cucurhita 
(Favel et al., 1989) and Cucumis (Lee and Lin, 1995). 
The squash type serine protease inhibitors have approximately thirty amino 
acid residues and three disulfide linkages connected in a unique knotty structure, 
that is, the cysteine residues connect in a consecutive order (Cys I-IV, Cys II-V 
and Cys III-VI) (Ling et al., 1993). Such a compact structure can only afford 
one active site which is different from the other two types. 
Table 1.5 shows the primary structures of some squash type trypsin inhibitors. 
This shows the high homology of inhibitors within the squash type. Besides the 
conserved cysteine residues, the residues located at the active site form another 
region o fh igh homology. 
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Table 1.5 Amino acid sequences of squash type serine protease 
inhibitors 
. . P4 P l P 2 ' Picr P20' 
I n h i b ito r i t \ —-… 
l | + � 1 0 1 + 20 + I 29 
CMeTI-A R M C P K I L M K C K Q D S D C L L D C V C L K E - G F C G 
CMeTI-B V G C P R I L M K C K T D R D C L T G C T C K R N - G Y C G 
CSTI-IV M M C P R I L M K C K H D S D C L P G C V C L E H I E Y C G V S 
CSTI-Ilb M V C P K I L M K C K H D S D C L L D C V C L E D I G Y C G 
CMTI-I R V C P R I L M E C K K D S D C L A E C V C L E H - G Y C G 
CMTI-IV H E E R V C P R I L M K C K K D S D C L A E C V C L E H - G Y C G 
CPTI-II R V C P K I L M E C K K D S D C L A E C I C L E H - G Y C G 
CPTI-III H E E R V C P K I L M E C K K D S D C L A E C I C L E H - G Y C G 
LLDTI-I E R R C P R I Y M E C K H D S D C L A D C V C L E H - G I C G 
LLDTI-II R R C P R I Y M E C K H D S D C L A D C V C L E H - G I C G 
BHTI-I R C P R I Y M E C K H D S D C L A D C V C L P Q - G I C G 
BHTI-III R R C P R I Y M E C K H D S D C L A D C V C L P Q - G I C G 
MCTM E@CP^i;y<^CKRD^DCPG^CICMA^-gFCG 
MCTI-II R I C P R I W ^ C K R D S D C M A Q C I C V D - - G H C G 
• •"-^ •••••••-••- • vv-'^ --/ • ^ -wv.v^ .v-.-VV.• v^ .yy.Av.v ..',.,.• ••  .-'.-um'Mf.*mum呢丨丨»k»'i>^ »<*/•»m/>M-m似v<^ •’.•~^ •<^ »^,f»-v^ "^,„科~,"„^ "„»>„•~>^ ,拓"~""奴 „^„„"„„„„^ „^射•.松•.权""„"糾"„"…….•2 .^mx^x«-^^-rf^.^:.：.......,,.... . . . , � . 
(Lee and Lin, 1995) 
CMeTI: Cucumis melo trypsin inhibitor; CSTI: Cucumis sativus trypsin 
inhibitor; CMTI: Cucurbita maxima trypsin inhibitor; CPTI: Cucurbita 
pepo trypsin inhibitor; LLDTI: Lagenaria leucantha var Depressa trypsin 
inhibitor; BHTI: Benincasa hispida trypsin inhibitor; MCTI: Momordica 
charantia trypsin inhibitor. 
Residues conserved in all the inhibitors are highlighted and the 
homologous residues found in at least four inhibitors are underlined. 
Gaps (-) are introduced to maximize similarity. The reactive site residues 
are indicated by the asterisk (*) while the conserved cysteine residues are 
indicated by the plus mark (+)• The numbering of the residues refers to 
the CMeTI. Another numbering scheme is based on the active site and 
numbered as P1, counted to N-terminal as P1, P2, etc while counted to 
C-terminal as P1', P2', etc. The sequences are aligned by the location of 
cysteine residues. 
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Besides the numbering of amino acid residues from the amino-terminal, 
residues can also be numbered from the active site. The carboxyl-terminal of the 
active site is numbered as P1', P2' , P3' and so on while the amino-terminal of the 
active site is numbered as P1, P2, P3 and so on from the active site. Because of 
that, the active site is also known as P1 site (Bode et al., 1989). 
Except for the bitter gourd inhibitor (MCEI-II), the reactive site of all squash 
type inhibitors is either an arginine or a lysine residue (Hara et al., 1989). As a 
result, they are all trypsin inhibitors, whereas MCEI-II is an elastase inhibitor with 
a leucine active site (Ling et al., 1993). 
The compact structure of squash type trypsin inhibitors is not only due to its 
short length but also to intra-molecular disulfide bonds (Huang et al., 1992). 
There are four loops formed by the three disulfide bonds in the inhibitors. In 
addition to several hydrophobic interactions (Fig. 1.2), the main molecular core of 
inhibitor has a very rigid structure (Bode et al., 1989). In contrast to that, the 
active site on the binding loop shows a certain degree offlexibility. 
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Fig. 1.2 Schematic representation of polypeptide arrangement of 
CMTI-I from Cucurbita maxima and its disulfide connectivities (Bode 
et al., 1989). Three intramolecular disulfide bonds are blackened and the 
inter-main-chain hydrogen bonds are displayed by dashed lines. The 
arrow indicates the active site. 
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The complex formed between a squash type trypsin inhibitor, CMTI-I from 
seeds of Cuciirhita maxima, and bovine trypsin is shown in Fig. 1.3 (Bode et al., 
1989). The trypsin inhibitor shows a rigid globular body with a binding loop 
which protrudes from the main molecular body. The inhibitory activity is due to 
strict contact between the P1 site and the binding loop (P6 — P4') o f t h e inhibitor 
and the S1 pocket (active site) of the trypsin. Besides, the region between 1)21, 
and P24, sites has been shown to make a weak contact with the protease, and has 
been designated as the secondary contact region (Hayashi et al., 1994). 
1.3 Role of Serine Protease Inhibitors in Plants 
Until now, the physiological roles of serine protease inhibitors in plants are 
still not yet fully understood. There are two hypotheses. One suggests that it 
may act as defense mechanism against insects (FaveI et al.，1989; Graham and 
Ryan, 1981) and protect against the proteases of many parasites (Haldar et al., 
1996). Some serine protease inhibitors are also found in leaves and appear in 
response to pest attacks by reducing the digestibility and nutritional quality of the 
leaves (Gustafson and Ryan, 1976). This is suggested by the observation that the 
growth of insects is inhibi ted when fed with die ts con ta in ing a high 
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Fig. 1-3 a-Carbon drawing of the complex formed between bovine 
p-trypsin and CMTI-I (Bode et al., 1989). The trypsin and CMTI-I are 
shown as thin connections and bold connections respectively. Only the 
residues of the tryptic active site (S1 pocket) and the C-terminal of trypsin 
are labeled. This shows the contact of the P1 site and binding loop of 
inhibitor with the S1 pocket of trypsin. 
21 
Chapter 1 Introduction 
content of protease inhibitors (Heath et al., 1997). Another evidence is that the 
plants transformed with gene encoding serine protease inhibitors have increased 
resistance against herbivorous insect invasion (Hilder et al., 1987; Johnson et al., 
1989). Also, this can be shown by the very powerful effect of trypsin inhibitor 
on insects' proteases (Levinsky et al., 1977). 
Another possible role of serine protease inhibitors in plants is the 
involvement in seed germination. Most of the protease inhibitors are stored in 
seeds and tubers, and can act as a storage protein and nutritional source of 
germinating seeds (Svendsen et al., 1994). It also seems to control endogenous 
proteases during seed dormancy (Haldar et al., 1996). This could be explained 
by the fact that the trypsin inhibitor shows no inhibitory activity against the 
proteases in seeds (Birk, 1968). However, both of the suggestions have not yet 
been confirmed. 
1.4 Nutritional Fact of Serine Protease Inhibitors 
The fact that many food, e.g., sweet potato and soybean, are rich in serine 
protease inhibitors has aroused the concern of many researchers, ln fact, serine 
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protease inhibitors, especially the trypsin inhibitors and chymotrypsin inhibitors, 
are found to be an anti-nutritional factor in many diets. This is because of the 
direct impairment of digestion of dietary protein (Scott and Symes, 1996) by the 
inhibitors. 
In the case of sweet potato, another consequence may be the failure to 
degrade bacterial protein toxins (Scott and Symes, 1996). One such case has 
been reported in the highlands of Papua New Guinea, the local inhabitants there 
suffered from a disease called "pigbel". The disease was narcotizing enteritis 
caused by the p toxin produced by Clostridium welchii type C. It is susceptible 
to proteolytic digestion by trypsin, but the high level of trypsin inhibitors present 
in the staple food source, the sweet potato, apparently inhibits the normal 
breakdown of toxin, resulting in the formation of necrotic lesions in the intestine 
(Scott and Symes, 1996). 
Moreover, pancreatic dysfunction as a result of the failure of proteolytic 
degradation of cholecystokinin (Melmed et al., 1976) may also be resulted from 
diets rich in serine protease inhibitors. It can cause pancreatic enlargement 
(Liener, 1995) and intestinal proteolysis in rat and chicks. However, this does 
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not happen in mice, hamsters, dogs and monkeys, and so it is believed that it does 
not happen in human (Anonymous, 1989). Since Kunitz type inhibitors are 
sensitive to pepsin but not the Bowman-Birk type, Bowman-Birk type inhibitors 
are more likely to be the involving factor (Birk, 1985). 
The effects of Kunitz's soybean trypsin inhibitor (SBTI, a Kunitz type 
trypsin inhibitor), the Bowman-Birk inhibitor (BBI, a double-headed 
trypsin-chymotrypsin inhibitor from soybeans) and raw soybean meal on chicks 
have been studied by Birk (1985). He found that both BBI and SBTI accounted 
for the pancreatic hypertrophy while only BBI accounted for the decrease of 
intestinal proteolytic activity. The difference between the effects of two 
inhibitors was due to the difference in stability and inhibitory activity against 
chymotrypsin since the Kunitz type inhibitors possess negligible activity against 
chymotrypsin and is presumably inactivated during the preceding peptic digestion. 
On the other hand, the growth rate of chicks was reduced with content of raw 
soybean but it was not related to the content of BBI or ST1. Therefore, the 
trypsin inhibitors seem not to be the critical factor of growth impairment caused 
by raw soybean meal. 
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1.5 Possible Applications of Serine Protease Inhibitors 
Since protease inhibitors and proteases are involved in many biological 
processes, serine protease inhibitors are currently under investigation for possible 
medical applications (Kennedy, 1995). Since it can increase the insect resistance 
of plants, its potential usages in agriculture are also explored (Heath et al., 1997). 
1.5.1 Medical Applications 
Proteases are involved in numerous biological processes, including digestion 
of food, the cascade systems of blood clotting and complement, fertilization, 
fibrinolysis, activation of hormones, and degradation of endogenous proteins 
within cells (Neurath, 1984). Proteases have also been implicated in certain 
diseases including trauma, tumor metastasis, emphysema, and arthritis (Bolewska 
et al., 1995). So it is very important to regulate the activity of proteases and 
prevent uncontrolled proteolysis, which can result in tissue damage 
(Leatherbarrow and Salacinski, 1991). 
— ^ — ^ ^ ^ • ^ ^ ^ ^ ^ ^ ^ — ^ — — • ^ ^ ^ ^ ^ — ^ — 
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Proteases in biological systems are controlled by various mechanisms. 
They can be inactivated by proteolytic degradation (Borges et al., 1986) or 
blocked by inhibitors which are actually pseudosubstrates displaying variable 
degrees of affmity toward the catalytic site of enzymes (Laskowski, Jr. and Kato, 
1980). Actually, the most common mechanism employed in vivo is via specific 
protease inhibitors. Thus, protease inhibitors play an important role in biological 
systems, especially those which depend upon limited proteolysis to control their 
activity (Travis and Salvesen, 1983). 
There are some data showing that human populations having a high content 
of protease inhibitors in the diet have a low overall cancer mortality rate and a 
significant decrease in the incidence of breast, colon, prostatic, pharyngeal and 
oral cancers (Anonymous, 1989; Kennedy, 1995). Trypsin inhibitors can prevent 
cancer by suppressing carcinogenesis. They appear to be capable of reversing 
the initiating event, presumably by stopping an ongoing cellular process, e.g. 
proteolysis, initiated by carcinogen exposure. In this way, the expression of 
certain oncogenes can be suppressed (Kennedy and Manzone, 1995). 
Furthermore, protease inhibitors can also inhibit metastasis of cancer cells by 
inhibiting the proteolytic activity of protease secreted by cancer cells (Tamir et al., 
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1996). As a result, serine protease inhibitors have the potential of being used as 
a human cancer chemopreventive agent (Kennedy, 1998). 
Soybean concentrates, particularly BBI, have been shown to suppress 
carcinogenesis in a wide variety of conditions including in different species 
(including mice, rats and hamsters); in different organ systems/tissue types (colon, 
liver, lung, esophagus, cheek pouch and in cells of hematopoietic origin); and in 
different cells (epithelial and connective tissue origin). This phenomenon was 
also observed when soybean concentrates were administered to animals by 
different routes (including the diet); leading to different types of cancer (e.g. 
squamous cell carcinomas, adenocarcinomas, angiosarcomas, etc.)； and induced 
by a wide variety of chemical and physical carcinogens (e.g. ionizing radiation) 
(Kennedy, 1998). In addition, BBI concentrate has proceeded to the clinical 
human trial stage (Kennedy and Manzone, 1995). 
In the human trial, increased levels of proteolytic activities known to be 
affected by BBI serve as intermediate marker end-points (IME) for carcinogenesis. 
Such proteolytic activities are assumed to be involved in the mechanism of 
carcinogenesis and therefore, by reducing such activities, tumor formation can be 
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prevented (Kennedy and Manzone, 1995). 
An investigation of the suppressive effect of BBI on levels of proteolytic 
activities involving dimethylbenz-a-anthacene (DMBA)-induced hamster oral 
epithelium carcinogenesis had been done by Kennedy and Manzone (1995). The 
proteolytic activities were measured by a synthetic substrate, Boc-Val-Pro-Arg. 
It was found that the levels of hydrolyzing activity on Boc-Val-Pro-Arg in the 
normal-appearing areas of DMBA-treated hamster cheek pouch epithelium 
remained elevated months after exposure to the carcinogen DMBA and were 
ten-fold higher than those observed in controls, while those areas treated with 
DMBA and BBI were not significantly different from controls. This inhibition 
of proteolytic activity by BBI correlated with a highly significant suppression of 
oral carcinogenesis, suggesting that the effects of BBI on the levels of proteolytic 
activity were related to its mechanism of action as an anti-carcinogenic agent in 
the system. 
Moreover, the proteolytic activities in rat colon mucosa cells were also tested 
(Kennedy and Manzone, 1995). After induction by the carcinogen 
dimethylhydrazine (DMH), the levels of proteolytic activities on three different 
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artificial substrates were found to be increased. However, in the treatment with 
BBI, the increased levels were brought back to the normal level. Moreover, the 
number of rats with colon cancer and the number of tumors in rats were also 
reduced by BBI treatment. Therefore, serine protease inhibitors, especially the 
squash type inhibitors with a small molecular weight which can be synthesized by 
chemical methods, can be potential cancer chemopreventive agents. 
Apart from acting as cancer chemopreventive agents, serine protease 
inhibitors seem to be good candidates for developing drugs for cardiovascular 
diseases. This is based on the effect of inhibitors on serine proteases in the blood 
coagulation system. Some serine protease inhibitors can prolong the clotting 
time of human plasma and inhibit the amidolytic activities of coagulation factors, 
which are implicated in cardiovascular diseases (Hayashi et al., 1994). 
1.5.2 Agricultural Applications 
Besides therapeutic usage, serine protease inhibitors are also useful in 
agriculture since it exerts a strong effect on insects (Heath et al., 1997), e.g. 
reducing growth of the flour beetle Triholium (Birk, 1985). Some trypsin 
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inhibitor encoding genes were transformed into plants to study the effect of 
trypsin inhibitors on these plants. 
Such transformed plants with serine protease inhibitor producing ability is 
useful, e.g. in the study of Hilder et al. (1987), high value tobacco is protected. 
Tobacco is the most common plant being transformed owing to its value in 
cigarettes production. In that study, young N. tabaccum, including transformed 
plants with different abilities in producing cowpea trypsin inhibitor and the 
control in the absence of such ability, were infected with newly emerged larvae of 
the lepidopteran Heliothis virescens and sealed into individual plantaria within the 
growth cabinet. After seven days, all larvae, including both dead and surviving, 
were removed, their sizes were recorded and the extent of leaf damage was 
measured. He found that the percentage of surviving insects and the biomass of 
surviving insects per plant were reduced with the increased production of trypsin 
inhibitors. Compared with the control, in which large amount of leaves had been 
eaten by the larvae, the leaf area eaten was largely reduced in the tobacco plants 
with the ability to produce trypsin inhibitors. This result not only confirmed the 
potential usage of serine protease inhibitors in agriculture, but also showed that 
trypsin inhibitors can act as a defense mechanism against insects. 
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1.6 Rationale of the Present Study 
With respect to the applications of serine protease inhibitors in medicine and 
agriculture, the potency and specificity requirements in each case may differ. In 
addition, the properties of the inhibitors, such as molecular size, specificity, 
stability, etc, are diverse. Discovering, purifying and characterizing more new 
serine protease inhibitors can help to expand the list of choice to satisfy the need 
for different applications. 
The objective of the present study was to isolate and characterize serine 
protease inhibitors from Momordica cochinchinensis seeds (Fig. 1.4). The seed 
of Momordica cochinchinensis is commonly used in Chinese medicine and it has 
been reported that it might be a rich source of serine protease inhibitors (Huang et 
al., 1999). 
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Fig. 1.4 Picture of Momordica cochinchinensis seeds. Intact 
Momordica cochinchinensis seeds, before decorticated, were used in the 
present investigation. 
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Chapter 2 Screening of Seeds for Inhibitory Activity against 
Serine Proteases 
2.1 Introduction 
Serine proteases inhibitors are widely found in the plant kingdom, appearing 
mainly in reproductive and storage organs (Tamir et al., 1996). Some seeds may 
even contain several types of inhibitors (Favel et al., 1989). One major class of 
serine protease inhibitors being extensively studied is trypsin inhibitor (Norioka et 
al., 1982; Smirnoff et al., 1985). Trypsin inhibitors are found in Momordica. e.g. 
Momordica cochinchinensis (Huang et al., 1999) and Momordica charantia 
{Hamato et al., 1995), Vigna, e.g. Vigna angularis (Ishikawa et al., 1985) and 
Vigna unguiculata subsp. cylindrica (Vartak et al., 1980), Luffa, e.g. Luffa 
acutangula Linn. (Haldar et al., 1996) and Luffa cylindrica (Ling et al., 1993), 
Acacia, e.g. Acacia elata (Kortt and Jermyn, 1981) and Acacia confusa (Lin et al., 
1991)and many other genuses (Tamir et al., 1996; Tashiro et al., 1991). 
Another major class of serine protease inhibitors found in plants is 
chymotrypsin inhibitor (Iwanaga et al., 1998; Kimura et al., 1993). Although not 
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as abundant as trypsin inhibitors, chymotrypsin inhibitors can also be found in 
many plants, e.g. Cicer arietimm L. (Belew et al., 1975), Psophocarpus 
lelragonolohus (L.) DC. (Shibata et al., 1988), Schizolobium parahyha (Souza et 
al., 1995) and Schistocerca gregaria (Malik et al., 1999). Actually, some 
inhibitors have both trypsin and chymotrypsin inhibitory activities, e.g. the 
inhibitors found in Cicer arietimm (Smirnoff et al., 1976) and Alocasia 
macrorhiza (Sumathi and Pattabiraman, 1977) can inhibit both trypsin and 
chymotrypsin. 
Besides, inhibitory activities on elastase and subtilisin in plants have also 
been studied. The activity may be due to a specific elastase or subtilisin inhibitor, 
or to some other protease inhibitor bearing such inhibitory activity, e.g. trypsin 
inhibitor carries subtilisin inhibitory activity (Svendsen et al., 1994). Although 
they are not as common as the other two kinds of serine protease inhibitor, they 
can still be found in many plants, e.g. elastase inhibitor found in Momordica 
charantia Linn. (Hara et al., 1989) and EchaUium elaterium (Favel et al., 1989) 
and subtilisin inhibitor found in Vigna unguiculata subsp. cylindrica (Vartak et al., 
1980) and EchaUium elaterium (Favel et al., 1989). 
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Although serine protease inhibitors were found primarily in Leguminosae, 
Liliaceae, Graminaceae and Solanceae (Hojima et al., 1980), most of the serine 
protease inhibitors were isolated from the seeds of Leguminosae (Kortt and 
Jermyn, 1981; Lin et al., 1991). Even within a subfamily, the content of serine 
protease inhibitors varies from one species to another. Therefore, in a 
preliminary experiment of this study, serine proteases inhibitory activities in seeds 
of different species were screened. Among the three types of serine protease 
inhibitors, i.e. Kunitz type, Bowman-Birk type and squash type, the squash type 
inhibitor is the smallest and seems to have the greatest potential for further studies. 
Due to the low molecular weight of squash type serine protease inhibitors, they 
have become a good model for studying the molecular evolution of peptides 
owing to the fact that the proteins can be easily sequenced. It is also well within 
the reach of chemical synthesis and more knowledge concerning the relationship 
between the structure and function of a low molecular weight protein may lead to 
the development of smaller peptide analogs with clinical potential (Chen et al., 
1992; Haldaret al., 1996). 
Since most squash type serine protease inhibitors are found in Cucurbitaceae 
(a subfamily of squash), eleven Cucurbitaceous seeds were chosen for the present 
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investigation. The eleven Cucurbitaceae species examined were Momordica 
charantia L., Momordica cochinchinensis, Cucurhita moschata, Cucumis salivis, 
Cucumis meh, Benincasa hispida, Lagenaria siceraria, Trichosanthes hupehensis, 
Trich()santhes rosthornii var. muliicirrati, Trichosanthes rosthornii and 
Trichosanthes rosthornii var. scahrella. 
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2.2 Materials and Methods 
2.2.1 Materials 
The eleven types of seed used in this project were bought from a local market. 
Proteases including a-chymotrypsin (type II from bovine pancreas), trypsin (type 
IX from porcine pancreas), elastase (type IV from porcine pancreas) and subtilisin 
(type XXVII), and substrates used in enzyme assays including 
Na-benzoyl-L-tyrosine ethyl ester (BTEE), Na-benzoyl-L-arginine ethyl ester 
(Hydrochloride) (BAEE) and N-succinyl-Ala-Ala-Ala p-nitroanilide (STANA) 
were all bought from Sigma Chemical Co. p-Nitrophenyl acetate (NPA), 
disposable filter units with luer fitting (0.45 ^im pore size) and bicinchoninic acid 
(BCA) protein assay kit were also bought from Sigma Chemical Co. All other 
chemicals were of analytical grade and were used without further purification. 
2.2.2 Extraction Method 
Firstly 1.5 g of decorticated seeds were cut into small pieces and then soaked 
in 6 ml of 50 mM Tris-HCl containing 20 mM CaCb, pH 8.0 for five hr to soften 
the seeds. The seeds were then homogenized with a Polytron (Kinematics) and 
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soaked overnight. After that, the slurry formed was centrifuged (Beckman 
model J2-21) at 12,000 g (rotor JA14, 9,000 rpm) at 4 � C for 60 min. The 
supernatant were then defatted by passing through 0.45 ^im filters to obtain the 
final extract. 
2.2.3 Assays for Protease Inhibitory Activities 
2.2.3.1 Assay for Chymotrypsin Activity 
Chymotrypsin activity was determined as described in Shibata et al. (1986) 
with some modifications. Ten microliter of a 0.1 mg/ml a-chymotrypsin 
solution in assay buffer was added to 490 i^l of assay buffer (50 mM Tris-HCl 
with 20 mM CaCl2, pH 8.0). The reaction was started by adding 500 i^l of BTEE 
in assay buffer with 10 % methanol to give a final concentration of 0.5 mM. 
Absorbance change was then measured at 253 nm for 1 min using an Ultraspec 
3000 UV/visible spectrophotometer (Pharmacia Biotech). 
2.2.3.2 Assay for Trypsin Activity 
Trypsin activity was also determined as described in Shibata el al. (1986) 
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with some modifications. Ten microliter of 0.25 mg/ml trypsin dissolved in 
assay buffer was added to 980 i^l ofassay buffer and then 10 i^l o f B A E E in assay 
buffer was added to give a final concentration of 0.6 mM in order to start the 
reaction. The reaction rate was determined by monitoring the absorbance change 
at 253 nm for 1 min. 
2.2.3.3 Assay for Elastase Activity 
Elastase activity assay was done by using a synthetic ester, 
N-succinyl-Ala-Ala-Ala p-nitroanilide (STANA), as substrate. Ten microliter of 
a 0.1 mg/ml elastase solution in assay buffer was added to 790 i^l of assay buffer. 
Then 200 i^l of STANA was added to give a final concentration o f 2 mM in order 
to start the reaction. Absorbance change at 385 nm was monitored. 
2.2.3.4 Assay for Subtilisin Activity 
Subtilisin activity was determined by using the synthetic ester STANA as 
substrate. Ten microliter of a 3 mg/ml subtilisin solution was added to 690 i^l of 
assay buffer. After that, the reaction was started by adding 300 ^1 of STANA to 
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give a final concentration of 3 mM. The reaction rate was determined by 
monitoring the change of absorbance at 385 nm for 1 min. 
2.2.3.5 Assays for Protease Inhibitory Activities 
In order to determine the inhibitory activity against different proteases in the 
seed crude extract, 10 i^l of seed extract in assay buffer was added to the proteases. 
To make sure the inhibitors had reached equilibrium of binding to the proteases, 
the reaction mixture was incubated for 15 min at room temperature before the 
substrate was added to initiate the reaction. The inhibitory activity was then 
calculated as the difference between protease activity in the presence and the 
absence (control) of the inhibitor. 
Calculation: 
(AbScontrol — AbSsample) 
Inhibitory Activity (U) = x Protease (mg) 
AbScontrol 
whereas AbScontroi is the absorbance change in the absence of sample (control); 
Abssampie is the absorbance change in the presence of sample; and 
Protease is the amount of serine protease in the assay mixture. 
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With regard to the definition of inhibitory activity unit, one unit of inhibitory 
activity refers to the inhibition of one mg of serine protease. To improve the 
accuracy of measurement, the activity was measured within the range o f 3 0 % to 
70 % inhibition. 
2.2.4 Determination of Protein Concentration 
Protein concentration of the samples and proteases used in the assays was 
determined by the bicinchoninic acid (BCA) protein assay following the protocol 
provided by Sigma Chemical Co. In the assay, bovine serum albumin (BSA) 
was used as the standard. A working solution was made up by mixing 50 
volumes o f B C A solution with 1 volume of a 4 % (w/v) solution ofcopper (II) 
sulfate pentahydrate solution. 
After mixing 20 |il of sample or standard with 1ml ofworking solution, the 
reaction mixture was incubated at 37°C for 30 min. Then the reaction mixture 
was allowed to stand at room temperature for lOmin before the absorbance at 562 
nm was measured. In such assay condition, the amount of protein detected 
ranged from 1 ^ig to 50 ^ig. 
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2.3 Results 
2.3.1 Extraction 
From 1.5 g decorticated seeds 11 mg to 98 mg protein were extracted from 
the different seeds (Table 2.1). 
2.3.2 Serine Protease Inhibitory Activities 
Among the 11 different seeds, only the seed extracts of Momordica charcmtia 
L and Momordica cochinchinensis contained inhibitory activity against all the 
four serine proteases assayed (Table 2.2). On the contrary, Trichosanthes 
roslhornii and Trichosanthes rosihornii var. scahrella had no inhibitory activity 
against any serine protease. In fact, another two Trichosanthes species, 
Trichosanthes hupehensis and Trichosanthes rosthornii var. multici_L also had 
only very weak subtilisin and trypsin inhibitory activity respectively. Such 
results indicated that all the Trichosanthes species tested were not rich in serine 
protease inhibitors. 
42 
Chapter 2 Screening of Seeds for Inhibitory Activity against Serine Proteases 
Table 2.1 Amount of protein extracted from the seeds 
� . ,. Amount of Protein 
Chinese Name 
, ^ Scientific Name of Seeds Extracted from 1.5 g 
of Seeds 
seeds (mg) 
江門苦瓜 Momordica charantia L. 97.86 
木驚 Momordica cochinchinensis 11.43 
1每瓜 Cucurbita moschata 39.54 
riVU. Cucumis sativis 57.43 
皺皮瓜 Cucumis melo 36.92 
上圣冬瓜 Benincasa hispida 35.36 
胡慮瓜 Lagenaria siceraria 37.89 
湖北瓜蔞 Trichosanthes hupehensis 40.35 
多卷鬚瓜蔞 Tr—s^es rosthornii var. ^ 5 33 
multicirrati 
‘I ‘準瓜蔞 Trichosanthes rosthornii 42.27 
�„�„ ,們… Trichosanthes rosthornii var. 
粒广瓜婁 L „ 34.38 
scabrella 
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Table 2.2 Inhibitory activity in the seeds against different 
proteases 
Proteases Inhibitory Activity (U/mg) 
Seeds 
Chymotrypsin Trypsin Subtilisin Elastase 
Momordica charantia L. 0.001 0.746 0.039 0.014 
Momordica cochinchinensis 0.242 0.611 0.322 0.003 
Cucurbita moschata N.D. 0.500 N.D. N.D. 
Cucumis sativis N.D. 0.033 N.D. N.D. 
Cucumis melo N.D. 0.033 N.D. N.D. 
Benincasa hispida N.D. 0.019 N.D. N.D. 
Lagenaria siceraria N.D. 0.017 N.D. N.D. 
Trichosanthes hupehensis N.D. 0.006 N.D. N.D. 
Trichosanthes rosthornii var. 
„. • ,. N.D. N.D. 0.001 N.D. 
multicirrati 
Trichosanthes rosthornii N.D. N.D. N.D. N.D. 
Trichosanthes rosthornii var. 
^ „ N.D. N.D. N.D. N.D. 
scabrella 
N.D.: Not Detectable 
The values are means of duplicates 
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With regard to chymotrypsin inhibitory activity, only Momordica 
cochinchinensis seed extract showed a strong activity (0.242 U/mg), Momordica 
charantia seed extract had a little activity (0.001 U/mg) while all the others had 
no such activity. 
On the other hand, trypsin inhibitory activity was more common in the seeds. 
Three species of Trichosanthes {Trichosanthes rosthornii var. multicirrati, 
Trichosanthes rosthornii and Trichosanthes rosthornii var. scahrella) did not have 
such activity. The other seeds can be roughly grouped into two categories, one 
group with weak trypsin inhibitory activity and the other group with strong trypsin 
inhibitory activity. The seed extracts of Cucumis sativis, Cucumis meh, 
Benincasa hispida, Lagenaria siceraria and Trichosanthes hupehensis belonged 
to the former group with a weak trypsin inhibitory activity ranging from 0.033 
U/mg to 0.006 U/mg. On the contrary, Momordica charantia L., Momordica 
cochinchinensis and Cucurhita moschata had strong inhibitory activity of 0.746 
U/mg, 0.611 U/mg and 0.500 U/mg respectively. 
Strong subtilisin inhibitory activity was only observed in the Momordica 
cochinchinensis seed extract (0.322 U/mg) while the seed extracts of Momordica 
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charantia L. and Trichosanthes rosthornii var. multicirrati showed a weaker 
activity of 0.039 U/mg and 0.001 U/mg respectively. None of the other seed 
extracts had such activity. 
Similar to the results of screening for chymotrypsin inhibitory activity, 
elastase inhibitory activity was only found in the seed extracts of Momordica 
charantia (0.014 U/mg) and Momordica cochinchinensis (0.003 U/mg) but not in 
the others. A comparison with the chymotrypsin inhibitory activity in the extract 
of seeds revealed that elastase inhibitory activity seems to be a much weaker 
activity. 
Among the 11 different seeds, serine protease inhibitors were only abundant 
in Momordica charantia L. and Momordica cochinchinensis. Momordica 
charantia L. had the strongest trypsin inhibitory activity while Momordica 
cochinchinensis showed the strongest chymotrypsin inhibitory activity along with 
some inhibitory activities against trypsin, subtilisin and elastase. 
^^^^^a^^HSHH^^^^^HSH^HHHHH!^HH^^^^HH^SHHaHHH^SB^^SHB^^^^HHH! 
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2.4 Discussion 
Serine protease inhibitory activity varied among different seeds. Some 
seeds did not exhibit any serine protease inhibitory activity, e.g. Trichoscmthes 
rosthornii var. scabrella, while some seeds contained an abundance of protease 
inhibitory activities, e.g. Momordica charantia L. In order to find a suitable 
source of inhibitor, screening is essential. 
Comparing the results from different genuses, it is easy to observe that serine 
protease inhibitory activity decreased from Momordica to Cucumis and then to 
Trich()sanlhes. This showed that Momordica is a richer source of serine protease 
inhibitor than Trichosanthes. 
When compared with the results previously reported in Huang et al. (1999), 
the trend of the trypsin inhibitory activity in the different seeds is similar. The 
trypsin inhibitory activities in the seed extracts were also in a decreasing order of 
Momordica cochinchinensis, Cucurhita moschata, Benincasa hispidu, Lagenaria 
siceraria and Trichosanthes. 
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In this screening of serine protease inhibitory activities in the seed extracts, 
strong chymotrypsin inhibitory activity was found only in the extract of 
Momordica cochinchinensis seeds (0.242 U/mg), although the extract of 
Momordica charantia L. seeds had a very weak activity (0.001 U/mg). Since 
chymotrypsin inhibitor had not been reported from Momordica cochinchinensis 
seeds before, attention was then directed to the purification of chymotrypsin 
inhibitor from the seeds of this species. 
Although there were several serine protease inhibitory activities in the seeds 
of Momordica cochinchinensis and Momordica charantia, this cannot show the 
number of types of inhibitors in the seeds. Such activities may be due to one 
inhibitor with cross reactivity to all the serine proteases or even one inhibitor with 
different activity sites for inhibition of different serine proteases. It may also be 
due to the presence of several types of inhibitors in the seeds. Because of this, 
we cannot tell the number of types of inhibitors in the seeds. Purification is an 
answer to this question. After the inhibitor(s) is(are) purified, the specificity of 
their inhibition pattern can then be examined. 
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Chapter 3 Isolation of Chymotrypsin Inhibitor and Trypsin 
Inhibitors from Momordica cochinchinensis Seeds 
3.1 Introduction 
Momordica cochinchinensis seed is a common Chinese medicine used to 
treat boils, pyodermas, mastitis, tuberculous, cervical lymphadenitis, ringworm 
infections, freckles, sebaceous cysts, hemorrhoids and hemangiomas (Cheung and 
Li, 1985). The chemical constituents of Momordica cochinchinemis seeds 
include momordic acid, oleanolic acid, a-eleostearic acid, gypsogenin and mycose 
(Cheung and Li, 1985). 
Although it may not be the principal element for treatment purposes, 
Momordica cochinchinensis seeds contain strong serine protease inhibitory 
activity. Besides chymotrypsin inhibitory activity, a strong trypsin inhibitory 
activity is also present (Chapter 2). In fact, a squash type trypsin inhibitor in the 
seeds of Momordica cochinchinensis has previously been isolated and partially 
characterized (Huang et al., 1999). However, its specificity and binding 
characteristic with trypsin remain unexplored. Therefore, a more detailed 
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purification and characterization was performed on the trypsin inhibitors from 
Momordica cochinchinensis seeds in the present study. Furthermore, since there 
was slill no information about other serine protease inhibitory activities, like 
chymotrypsin, elastase and subtilisin inhibitory activities, in the same seed, this 
study also aimed to purify and characterize other serine protease inhibitors from 
Momordica cochinchinensis seeds. 
ln the past, many purification methods have been applied to purify protease 
inhibitors. Different types of chromatography, e.g., ion exchange (including 
cation exchange and anion exchange), size exclusion, hydrophobicity and affinity 
chromatography are commonly used in purification. Besides the usual 
chromatographic methods, other fractionation techniques including heat treatment 
(Hamato et al., 1995), acetone precipitation (Batista et al., 1996), ammonium 
sulfate precipitation (Lee and Lin, 1995), chromatofocusing (Yoshimoto and 
Laskowski, Sr., 1982) and even isoelectirc focusing (Hejgaard, 1981) have also 
been applied for the purification. Based on the nature of the serine protease 
inhibitor to be purified, a combination of these purification approaches is utilized 
(Birk, 1985; Sumathi and Pattabiraman, 1977). Usually two to three 
chromatographic steps are needed for the purification of a serine protease 
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inhibitor from a raw material, e.g. seeds. 
Extraction is the first step to obtain serine protease inhibitors from plants. 
Usually, an acidic buffer is used for extraction, so called acid extraction (Ishikawa 
et al” 1985; Zhao et al., 1996). In this way, molecules which are soluble and 
stable in acidic condition, e.g., some small peptides, can be extracted while others, 
e.g., some large proteins, may be precipitated. On the other hand, a neutral or 
slightly basic buffer is another choice for extraction, if most of the proteins in the 
raw materials is need to be extracted regardless of its size, stability and solubility 
(Haldar et al., 1996; Kortt and Jermyn, 1981). This step is very important, i f t he 
desired protein cannot be extracted efficiently with a suitable method, the 
efficiency of the whole purification procedure will be reduced. On the other 
hand, if a lot of unwanted debris is retained, this may also affect the following 
purification. Therefore, this step also determines the overall efficiency and 
purification fold of the whole purification procedure. 
A common second step is precipitation. This can be done by using acetone 
(Shibata et al., 1986), ammonium sulfate (Huang et al., 1999; Valdes-Rodriguez et 
al., 1993) or chloroform/methanol (Valdes-Rodriguez et al., 1993). This can be 
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used to isolate the desired protein with different solubility by using different 
concentration of the precipitation solvent. 
After these two steps, the sample is ready for another purification procedure 
which is also the most important procedure, i.e. chromatography. Based on the 
nature of the protein being isolated, a combination of two or even three different 
chromatographic steps is needed to purify a protein. 
Ion exchange chromatography which separates proteins based on their ionic 
nature (Norioka et al., 1982), size exclusion chromatography (also called gel 
filtration) which separates protein based on their size (Lee and Lin, 1995), and 
affinity chromatography which separates protein based on their specific 
interaction with the functional group on the gel matrix (Lin et al., 1991) are three 
chromatographic methods commonly used in the purification of protease 
inhibitors. 
For ion exchange chromatography, including cation exchange and anion 
exchange chromatography, buffers at a suitable pH is needed. At that pH, the 
proteins in the sample will carry different charges and exist as cations or anions. 
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When the sample is loaded onto the column, proteins with the corresponding 
charge will bind to the column and other proteins carrying the counter charge will 
be eluted. After applying a buffer of high salt concentration, the desired protein 
will be eluted. This can be done by using a step gradient or a linear gradient 
with a gradual change of salt concentration. On the contrary, the ion exchanger 
may be chosen so as to bind the unwanted protein while the desired protein 
appears in the flowthrough of the column. By using ion exchange 
chromatography, usually a large amount of unwanted protein could be removed 
since the protein with a particular ionic strength can be selected. 
For gel filtration, after applying the sample onto the column, proteins will be 
eluted at different elution volumes depending on their size with the largest first 
and the smallest last. In this way, the protein with a particular size can be 
selected. This not only can act as a purification step, but also can be used to 
determine the size of the desired protein. 
For affinity chromatography usually a trypsin-bound affinity column is used 
in the purification of trypsin inhibitors (Belew et al., 1975). Besides, a 
chymotrypsin-bound affinity column is another choice if the inhibitor to be 
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purified is a chymotrypsin inhibitor (Kortt, 1980). After the sample is loaded 
onto the column, proteins with specific interaction with trypsin, e.g. trypsin 
inhibitors, will bind to the column. They can be then eluted by using buffer at a 
low pH, e.g., diluted HC1. The advantage of this chromatography is that it is 
very specific and theoretically will only bind molecules having specific 
interaction with the functional group, e.g., trypsin inhibitors for trypsin-bound 
affinity columns. However, elution with buffer at low pH may denature the 
desired protein if it is sensitive to acid. Moreover, the proteolytic activity of 
trypsin may also digest the protein inhibitor (Kortt, 1979). In addition, there 
may be some non-specific interaction in practice. Thus the use of affinity 
chromatography should be carefully considered. 
After the above chromatographic steps, hydrophobic chromatography will 
usually be used if the sample is still not pure (Batista et al., 1996). Reversed 
phase high pressure liquid chromatography (RP-HPLC) on a C18 column is a 
common choice. Another choice is a C4 column (Hara et al., 1989) which has 
different hydrophobicity to C18 column. After the sample is loaded onto the 
column, bound proteins will be eluted by a gradient of an increasing concentration 
o f a low hydrophobicity solvent, e.g. acetonitriIe. In this way, the protein will be 
™®S5®^®!^^®aa^Sa^=HSS^=BSa^^S^^^SH^=S^SHHBH!HSBHSSSS^^=!^^S 
54 
Chapter 3 Isolation of Chymotrypsin Inhibitor and Trypsin Inhibitors 
from Momordica cochinchinensis Seeds 
eluted according to their hydrophobicity. After a series of chromatographic step 
and the high efficiency o fHPLC, a pure product will usually be obtained. 
™®®^^®^^^^®®^™^^®^^™™!®=aHS^^SHHS^^^SHHHHSHSi^SS!^SHBH 
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3.2 Materials and Methods 
3.2.1 Materials 
Momordica cochinchinensis seeds were bought from a local market. 
Bovine chymotrypsin, porcine trypsin and trifluoroacetic acid (TFA) were 
products of Sigma Chemical Co. Molecular weight polypeptide standards for 
SDS-PAGE, Biologic LP system for SP-Sepharose, chymotrypsin affinity and 
trypsin affinity chromatography and the software LP Data View were purchased 
from Bio-Rad, California, U.S.A. SP-Sepharose (Fast Flow), cyanogen bromide 
(CNBr) activated Sepharose 4B and CM-C25 were purchased from Pharmacia. 
Biotech AB, Uppsaia, Sweden. AKTA Purifier (P-900, UV-900. pH/C-900, 
INV-907, PV-908, M-925 and Frac-900) and the software Unicorn 3.0 were 
products of Amersham Pharmacia Biotech. Spectra/Por 6 dialysis membrane 
(MWCO 1,000) was obtained from Spectrum Medical Industries, Inc., California, 
U.S.A. Prep Nova-Pack HR C18 HPLC Column (Dimethyloctadecylsilyl 
bonded amorphous silica, 6^im, 60A, internal diameter 19 x 300 mm) was 
purchased from Waters Corporation, Milford, Massachusetts, U.S.A. GVWP 
filters (0.22 卿）were products of Millipore, Micron Separations Inc. Solvents 
for HPLC including acetonitrile and methanol were products of either BDH 
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Laboratory Supplies, Poole, England or Merck KgaG, Darmstadt, Germany. All 
other chemicals were of analytical grade and were used without further 
purification. 
3.2.2 Protein Extraction 
Momordica cochinchinensis seeds were stored in a cool dry place before 
use. Decorticated seeds (13.3 g) were cut up into small pieces and soaked in 60 
ml of 20 mM sodium acetate, pH 4.0 in order to soften the seeds. After 
incubation for 4 hr at 4°C, the seeds were homogenized by using a Polytron 
homogenizer (Kinematics). The slurry formed was then inverted end over end 
continuously at 4°C overnight. After that, it was centrifuged (Beckman model 
J2-21) at 12,000 g (rotor JA14, 9000 rpm) for 60 min at 4 � C . The pellet was 
discarded and the supernatant was passed through two layers of cheesecloth to 
remove the large particles. The extract was then ready for further purification. 
3.2.3 SP-Sepharose Chromatography 
Cation exchange chromatography using a SP-Sepharose column controlled 
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by the Biologic LP system was set for further purification. The seed extract was 
applied to a SP-Sepharose column (15 x 189 mm) which had been 
pre-equilibrated with equilibration buffer (20 mM sodium acetate, pH 4.0). 
Fractions were then collected until the end of the chromatographic run. The 
absorbance at 280 nm was monitored throughout the whole process. After 
washing the column with two column volumes of equilibration buffer, proteins 
were eluted by five column volumes of a linear gradient of 0 to 0.9 M sodium 
chloride in 20 mM sodium acetate, pH 4.0’ at a flow rate of 0.8 ml/min. 
The fractions with chymotrypsin and trypsin inhibitory activity were pooled 
and then dialyzed overnight against 4 x 4 L Mini-Q water (produced by water 
purification system of Millipore, U.S.A.). The dialyzed sample was then frozen 
in liquid nitrogen for about 15 min and lyophilized. 
3.2.4 Reversed Phase High Pressure Liquid Chromatography 
The lyophilized sample was dissolved in 1 ml equilibration buffer for 
reversed phase high pressure liquid chromatography (RP-HPLC) in 12 % 
acetonitrile with 0.1 % trifluoroacetic acid (TFA). It was centrifuged (BioRad 
centrifuge 5417R) at 12,000 g at 4°C for 15 min and the pellet was discarded. 
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Then the sample was ready for RP-HPLC run under the control of AKTA Purifier 
HPLC system provided by Amersham Pharmacia. In this chromatography, all 
solvents used were of HPLC grade and the water used was Mini-Q water after 
passing through a 0.22 ^m GVWP filters fitted to a bottle top filter (Millipore, 
U.S.A.). All solvents were degassed for 15 min before use by using an 
ultrasonic cleaner (Branson 2210). 
After the sample was applied to a Prep Nova-Pack HR C18 column (Waters 
19 X 300 mm) pre-equilibrated with equilibration buffer (12 % acetonitrile with 
0.1 % TFA), the column was washed with one column volume of equilibration 
buffer. Then two consecutive linear gradients, 12 % to 27 % of acetonitrile with 
0.1 % TFA for 10 min, at a flow rate of 3 ml/min followed by 27 % to 39 % of 
acetonitrile with 0.1 % TFA for 90 min were applied. The peaks with 
chymotrypsin and trypsin inhibitory activities were pooled separately. After 
dialysis against Mini-Q water overnight and frozen in liquid nitrogen for 15 min, 
the sample was lyophilized. The sample represented purified chymotrypsin 
inhibitor and was ready for other assays. 
¥ 
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The lyophilized sample with trypsin inhibitory activity was re-dissolved in 1 
ml of equilibration buffer (12 % acetonitrile with 0.1 % TFA) for RP-HPLC. 
Any insoluble precipitate was discarded after it was centrifuged at 12,000 g at 4°C 
for 15 min (BioRad centrifuge 5417R). It was then applied to a Prep Nova-Pack 
HR C18 column (Waters 19 x 300 mm) which had been pre-equilibrated with 
equilibration buffer (12 % acetonitrile with 0.1 % TFA). After washing the 
column with one column volume of equilibration buffer, a 100 min linear gradient 
of 12 % to 27 % of acetonitrile with 0.1 % TFA at a flow rate of 3 ml/min was 
applied. The peaks with trypsin inhibitory activity were then pooled separately. 
After that, the samples were dialyzed against Mini-Q water overnight and frozen 
in liquid nitrogen for 15 min. After lyophilization, the trypsin inhibitors were 
ready for various assays. 
3.2.5 Assays for Chymotrypsin and Trypsin Inhibitory Activities 
These assays for protease inhibitory activity were basically the same as those 
described in the Section 2.2.3 except for a change in incubation time. The 
incubation time for the inhibitors to bind to the serine proteases was reduced from 
15 min to 5 min while all other parameters remained unchanged. Such 
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modification was made owing to the observation that a period of 5 min was 
already sufficient for the inhibitors to reach equilibrium with the proteases. 
Specific inhibitory activity was defined as the inhibitory activity carried by one 
mg of protease inhibitor, 
3.2.6 Titration of Chymotrypsin 
In order to know the active concentration of chymotrypsin used in the assay, 
titration of chymotrypsin was done by using p-nitrophenyl acetate (NPA). Fifty 
1^1 of different concentrations of chymotrypsin was added to 850 i^l of 0.1 M 
sodium phosphate, pH 7.5. After that, 100 i^l of 2 mM NPA in 0.1 M sodium 
phosphate, pH 7.5 with 0.1 % methanol was added to start the reaction. 
Absorbance change at 400 nm was then monitored for 200 sec. 
The molar extinction coefficient (8400nm) of NPA is 16 mM"' cm' ' . After 
calculation by using 8400nm of NPA, the active concentrations of the chymotrypsin 
were obtained and plotted against the protein concentrations of the chymotrypsin 
which were calculated by using a molar extinction coefficient (828Onm) o f 4 . 9 x 10^ 
M"' cm.i for soluble bovine chymotrypsin at 280 nm (Gabel, 1974). Lastly, the 
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percentage of active chymotrypsin in the assay was calculated as the slope of the 
curve. 
3.2.7 Tricine Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 
The method of Tricine sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) was adopted from Schagger and von Jagow (1987) 
using a 16.5 % separating gel, a 10 % spacer gel and a 4 % stacking gel. The gel 
was cast on the Mini-Protean set II (Bio-Rad). Samples and standards were 
diluted with the sample loading buffer (24 % glycerol, 1 % SDS, 0.02 % 
Coomassie Blue G-250 and 2 % (v/v) P-mercaptoethanol in 0.1 M Tris-HCl, pH 
6.8) followed by boiling in a water bath for 15 min. After finishing the setup of 
electrophoresis tank and the filling of cathode buffer (0.1 % SDS in 0.1 M Tricine, 
0.1 M Tris, pH 8.25) and anode buffer (0.2 M Tris-HCl, pH 8.9), electrophoresis 
was started at a constant voltage of 30 V at room temperature. Once the dye 
front reached the spacer gel, the running voltage was increased to 100 V until the 
end of the electrophoresis. When the tracking dye, Coomassie Blue G-250, 
reached the bottom of the gel, electrophoresis was stopped. 
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Gel staining was carried out following the protocol which came with the 
SDS-PAGE molecular weight polypeptide standards provided by Bio-Rad. The 
gel was first fixed by immersing in polypeptide fixative solution (10 % acetic acid 
and 40 % methanol) for 35 min. Then the gel was stained with Coomassie Blue 
G-250 staining solution (0.025 % Coomassie Blue G-250 in 10 % acetic acid) for 
60 min. Lastly, the gel was destained in Coomassie Blue G-250 destaining 
solution (10 % acetic acid) for about 90 min until the background was clear. 
3.2.8 Coupling of Trypsin-Sepharose 4B Affinity Column 
Trypsin was coupled to CNBr-activated Sepharose 4B following the protocol 
provided by Pharmacia Biotech. Seven grams of freeze-dried gel powder were 
swollen, washed with 1.4 L 1 mM HC1 to give 25 ml gel and then equilibrated 
with two column volumes of coupling buffer. After that, 233 mg bovine trypsin 
was dissolved in 35 ml coupling buffer (0.5 M sodium chloride in 0.1 M sodium 
hydrogen carbonate, pH 8.3) and added to the gel. The mixture was mixed by 
rotating end-over-end for 90 min. It was then washed with five column volumes 
of coupling buffer to wash out excess unbound trypsin. After changing the 
buffer by washing the gel with two column volumes of blocking buffer (0.1 M 
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Tris-HCl, pH 8.0), the gel was incubated with 100 ml blocking buffer for 120 min 
at room temperature to block any remaining active groups. The product was 
then washed with three cycles of alternating pH buffer (0.5 M sodium chloride in 
0.1 M sodium acetate, pH 4.0 and 0.5 M sodium chloride in 0.1 M Tris-HCl, pH 
8.0) with five column volumes of each buffer. Lastly, it was equilibrated with 
the equilibration buffer, 0.05 M Tris-HCl, pH 8.0, and was then ready for the 
chromatography. 
3.2.9 Affinity Chromatography on Trypsin-Sepharose 4B 
Trypsin-Sepharose 4B affinity chromatography run under the control of the 
Biologic LP system served as an alternative purification method. After the crude 
extract was prepared, it was dialyzed overnight against 0.05 M Tris-HCl, pH 8.0. 
Afterward, the dialyzed extract was added to the trypsin-Sepharose 4B affinity 
column (15 x 120 mm) that had been pre-equilibrated with the equilibration buffer 
(0.05 M Tris-HCl, pH 8.0). After washing with two column volumes of 
equilibration buffer to remove unbound proteins, three column volumes o f0 .05 M 
HC1 were applied to elute the bound proteins at a flow rate of 0.7 ml/min. 
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3.3 Results 
3.3.1 SP-Sepharose Chromatography 
From 13.3 g of decorticated Momordica cochinchinensis seeds, 93 mg 
soluble protein was extracted. The extract contained 17.1 U of chymotrypsin 
inhibitory activity and 33.5 U of trypsin inhibitory activity. When a linear 
gradient of 0 M to 0.9 M sodium chloride was applied during SP-Sepharose 
chromatography, two peaks with overlapping chymotrypsin and trypsin inhibitory 
activities were eluted (Fig. 3.1). These peaks, which accounted for 42 % soluble 
protein (39.2 mg) of the extract, were pooled together. After dialysis and 
lyophilization, around 99.0 % of chymotrypsin inhibitory activities (16.9 U) and 
68.4 % of trypsin inhibitory activity (22.9 U) were recovered. These activities 
were carried by 23.7 mg of protein representing 25.4 % of soluble protein from 
the extract. 
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Fig. 3.1 Cation exchange chromatography of the crude extract on 
SP-Sepharose. The crude extract of Momordica cochinchinensis seeds 
was loaded onto a SP-Sepharose column (15 x 189 mm) which was 
equilibrated with equilibration buffer (20 mM sodium acetate, pH 4.0). 
After the column was washed with two column volumes of equilibration 
buffer, five column volumes of a linear gradient of 0 M to 0.9 M sodium 
chloride in the same buffer was applied. The flow rate was 0.8 ml/min and 
the fraction size was 4 ml. The fractions were monitored for chymotrypsin 
inhibitory activity (U/ml) ( • ) ’ trypsin inhibitory activity (U/ml) ( • ) ’ and 
absorbance at 280 nm ( • ) . 
_ 
Chapter 3 Isolation of Chymotrypsin Inhibitor and Trypsin Inhibitors 
from Momordica cochinchinensis Seeds 
3.3.2 Reversed Phase High Pressure Liquid Chromatography 
The sample from the SP-Sepharose was subjected to dialysis and 
lyophilization before RP-HPLC. A cluster of peaks with elution time ranging 
from 37.4 min to 43.0 min, corresponding to acetonitrile concentration from 22.3 
% to 27.3 % were found to have very high trypsin inhibitory activity (Fig. 3.2). 
These peaks were pooled together, dialyzed and lyophilized, and named TI which 
stands for trypsin inhibitors. Another large symmetric peak, with elution time of 
64.3 min and eluted in the second gradient corresponding to 30.0 % acetonitrile, 
showed a very high chymotrypsin inhibitory activity, lt was pooled, dialyzed 
and lyophilized to form the sample named CI which stands for chymotrypsin 
inhibitor. After this step, 7.3 mg TI and 1.8 mg CI, representing 9.7 % of the 
total soluble proteins, were obtained. Besides, 5.0 U of chymotrypsin inhibitory 
activity carried by CI and 12.0 U of trypsin inhibitory activity carried by TI were 
recovered. This showed a 29.2 % and 35.9 % yield of chymotrypsin and trypsin 
inhibitory activities respectively. 
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Fig. 3.2 Reversed phase high pressure liquid chromatography of the 
SP fraction on C18. The SP fraction containing high serine protease 
inhibitory activity was loaded onto a C18 column (19 x 300 mm) which was 
equilibrated with equilibrium buffer (12 % acetonitrile with 0.1 % TFA). 
After the column was washed with one column volume of equilibration 
buffer, two consecutive linear gradients, 12 % to 27 % of acetonitrile with 
0.1 % TFA for 10 min, followed by 27 % to 39 % of acetonitrile with 0.1 % 
TFA for 90 min were applied. The flow rate was 3 ml/min and the fraction 
size was 1.5 ml/min. The peaks containing strong chymotrypsin inhibitory 
activity ( • ) and trypsin inhibitory activity ( • ) with the elution time of 64 min 
and of 40 min were pooled separately and named CI and Tl respectively. 
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In order to space apart the peaks of trypsin inhibitors, the sample TI after 
dialysis and lyophilization was re-chromatographed on another round of 
RP-HPLC with a shallower gradient of acetonitrile concentration. In this 
purification, the five peaks with high trypsin inhibitory activity were resolved 
further apart with retention times of 60.2 min, 66.2 min, 68.7 min, 78.0 min and 
82.1 min respectively, corresponding to acetonitrile concentration of 16.5 %, 17.4 
o/o, 17.8 %, 19.2 % and 19.8 %. They were named peaks TI-1, TI-2, TI-3, TI-4 
and TI-5 respectively (Fig. 3.3). After dialysis and lyophilization, the final 
product was obtained. Finally, there was about 0.2 mg of each of the trypsin 
inhibitors (TI-1 to TI-5) representing totally 1.2 % of the soluble protein from the 
extract. The activity of the trypsin inhibitors was different. There were 0.4 U, 
0.8 U, 0.9 U, 0.7 U and 0.6 U oftrypsin inhibitory activity carried by Tl-1 to TI-5 
respectively. Taken together, this gave a yield of 10.2 % trypsin inhibitory 
activity. 
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Fig. 3.3 Reversed phase high pressure liquid chromatography of the 
first round RP-HPLC fraction, Tl, on C18. The RP-HPLC fraction, 
named Tl, was re-chromatographed on the same C18 column. After 
washing with one column volume of equilibration buffer, a shallower linear 
gradient of 12 % to 27 % of acetonitrile with 0.1 % TFA was applied. Five 
peaks with strong trypsin inhibitory activity ( # ) with elution time between 
60 min and 82 min were obtained. They were named TI-1 to TI-5 
according to their order of elution. 
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3.3.3 Summary of Purification 
A chymotrypsin inhibitor, CI, and five trypsin inhibitors, TI-1 to TI-5, were 
successfully isolated from the crude extract by using the present purification 
scheme. The protein content, inhibitory activities, percentage yield, etc, 
throughout the purification are summarized in Table 3.1. The results from 
several rounds of purification were highly reproducible. Under this scheme, 
about 1.8 mg of CI and 0.2 mg of each trypsin inhibitors, TI-1 to TI-5, could be 
obtained from 13.3 g of decorticated seeds. 
With respect to the specific activity of the protease inhibitors which is 
defined as the protease inhibitory activity of each mg of inhibitors, 0.2 U/mg of 
chymotrypsin inhibitory activity and 0.4 U/mg of trypsin inhibitory activity were 
found in the crude extract. After SP-Sepharose chromatography, the specific 
chymotrypsin inhibitory activity and trypsin inhibitory activity were increased to 
0.7 U/mg and 1.0 U/mg respectively, corresponding to 3.9 fold and 2.7 fold of 
purification of specific chymotrypsin and trypsin inhibitory activities. 
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Table 3.1 Summary of purification of serine protease inhibitors 
from Momordica cochinchinensis seeds 
^ i Specific 
Amount 
of Inhibitory Inhibitory Purification Percentage 
Sample ^ ° . Activity (U) Activity Fold Yield (%) 
(mgT _ g ) 
Chy Try Chy Try Chy Try Chy Try 
Crude 
93.06 17.1 33.5 0.18 0.36 / / / / 
Extract 
SP 39.15 20.8 31.4 0.53 0.80 2.90 2.23 121.9 94.0 
LSP 23.66 16.9 22.9 0.72 0.97 3.89 2.69 98.97 68.4 
CI 2.49 5.1 0.3 2.06 0.11 11.23 0.30 30.0 0.8 
Tl 11.68 N.D. 13.2 N.D. 1.13 N.D. ‘ 3.15 N.D. 39.6 
LCI 1.76 5.0 0.6 2.85 0.32 15.49 0.90 29.2 1.7 
LTI 7.32 N.D. 12.0 N.D. 1.64 N.D. 4.57 N.D. 35.9 
TI-1 0.27 N.D. 0.8 N.D. 3.00 N.D. 8.33 N.D. 2.5 
TI-2 0.65 N.D. 1.3 N.D. 1.98 N.D. 5.50 N.D. 3.9 
TI-3 0.34 N.D. 1.2 N.D. 3.50 N.D. 9.72 N.D. 3.5 
TI-4 0.29 N.D. 1.0 N.D. 3.59 N.D. 9.98 N.D. 3.1 
TI-5 0.22 N.D. 0.8 N.D. 3.69 N.D. 10.27 N.D. 2.5 
LTI-1 0.28 N.D. 0.4 N.D. 1.34 N.D. 3.72 N.D. 1.1 
LTI-2 0.21 N.D. 0.8 N.D. 3.64 N.D. 10.12 N.D. 2.3 
LTI-3 0.23 N.D. 0.9 N.D. 3.93 N.D. 10.93 N.D. 2.7 
LTI-4 0.20 N.D. 0.7 N.D. 3.70 N.D. 10.29 N.D. 2.2 
LTI-5 0.19 N.D. 0.6 N.D. 3.20 N.D. 8.91 N.D. 1.9 
N.D.: Not detectable Chy: Bovine chymotrypsin Try: Porcine trypsin 
SP: Pooled fractions of SP-Sepharose LSP: Lyophilized SP 
CI: Chymotrypsin inhibitor obtained after 1'^HPLC LCI: Lyophilized CI 
Tl: Trypsin inhibitors obtained after 1'^HPLC LTI: Lyophilized Tl 
TI-1 to TI-5: Trypsin inhibitors 1 to 5 obtained after 2"^HPLC 
LTI-1 to LTI-5: Lyophilized TI-1 to TI-5 
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After the first round of RP-HPLC, dialysis and lyophilization, the specific 
chymotrypsin inhibitory activity of CI and the specific trypsin inhibitory activity 
o f T I were increased to 2.8 U/mg and 1.6 U/mg respectively. This represented a 
15.5 fold and 4.6 fold of purification of specific chymotrypsin and trypsin 
inhibitory activities. 
Corresponding to the TI-1 to TI-5 which were obtained after the second 
round of RP-HPLC, the specific trypsin inhibitory activity were all around 3.5 
U/mg, corresponding to about 10 fold of purification of specific trypsin inhibitory 
activity. However, the abnormally low specific inhibitory activity of TI-1 after 
lyophilization may be due to its instability when it is freeze-dried. 
In short, the percentage yield of chymotrypsin and trypsin inhibitory 
activities were 29.2%, 1.1 %, 2.3%, 2.7 %, 2.2 % and 1.9 % for CI, TI-1, TI-2, 
TI-3, TI-4 and TI-5 respectively. The purification fold of specific chymotrypsin 
and trypsin inhibitory activities were 15.5 fold and around 10 fold for CI and TI-1 
to TI-5 respectively. 
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3.3.4 Titration of Chymotrypsin 
From Fig. 3.4, the reaction between chymotrypsin and NPA entered into a 
steady-state phase after the reaction had started for about 10 sec. By the 
different y-intercept, representing the active chymotrypsin amount, from different 
concentrations of chymotrypsin, Fig. 3.5. was obtained in which the slope of the 
curve was about 0.77, indicating that the active percentage of soluble 
chymotrypsin used in assay was about 77 %. 
3.3.5 Tricine Sodium Dodecyl Sulfate PoIyacryIamide Gel Electrophoresis 
From the gel analysis (Fig. 3.6), it can be seen that SP-Sepharose removed 
most of the large protein from the crude extract since the upper bands in the 
extract were not seen in the sample after SP-Sepharose chromatography even 
though it was still not pure. After the first round of RP-HPLC, the sample CI 
appeared as a single band in SDS-PAGE showing the sample was pure and 
contained only one protein. Although the sample TI also showed a single band 
in SDS-PAGE, the band was a little bit broad since the TI in fact contained several 
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Fig. 3.4 Titration curve of chymotrypsin by using p-nitrophenyl 
acetate. Upon the addition of the substrate p-nitrophenyl acetate (NPA) 
into the reaction mixture containing chymotrypsin, a burst phase of reaction 
was observed. The reaction rate became steady after the reaction had 
started for about 10 sec. By extrapolation from the steady phase, a 
y-intercept showing the absorbance change due to the NPA bound to all 
active chymotrypsin was obtained. By using a molar extinction coefficient, 
the amount of NPA bound to all active chymotrypsin, which was equivalent 
to the amount of active chymotrypsin, could be calculated. 
^5 
Chapter 3 Isolation of Chymotrypsin Inhibitor and Trypsin Inhibitors 




1 3。 / 
8 2 2.5 / 
l l 2.0 y ^ Slope = 0.77 
r i - 5 y/ 
f 1 � X 
I 0 5 Z 
0.0 Z 
0 1 2 3 4 5 
Total chymotrypsin concentration (mg/ml) 
Fig. 3.5 Plot of active concentration of chymotrypsin against the total 
concentration. The slope of the curve, 0.77, represented the ratio of 
active chymotrypsin in the chymotrypsin preparation. 
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Fig. 3.6 SDS-PAGE of the samples at different stages of purification. 
(A): Ext: Crude extract of Momordica cochinchinensis seeds. SP: 
Pooled fraction after SP-Sepharose chromatography containing strong 
chymotrypsin and trypsin inhibitory activities. Std: Molecular weight 
polypeptide standards. CI: Pooled fraction after first round of RP-HPLC 
containing strong chymotrypsin inhibitory activity. TI: Pooled fraction after 
first round of RP-HPLC containing strong trypsin inhibitory activity. (B): 
Tl-1 to TI-5 represent the five pooled fractions after second round of 
RP-HPLC containing strong trypsin inhibitory activity with different elution 
times. 
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very closely by spaced proteins. After the second round of RP-HPLC, the 
finalized sample TI-1 to TI-5 all showed a single band in SDS-PAGE. The 
results showed that TI-1 to TI-5 were pure. 
3.3.6 Affinity Chromatography on Trypsin-Sepharose 4B 
In this chromatographic step, a target was set for the isolation of trypsin 
inhibitors directly from the crude extract. A large fraction of soluble proteins, 
which did not contain any trypsin or chymotrypsin inhibitory activity, was eluted 
in the tlowthrough (Fig. 3.7). After elution with buffer at low pH (HC1), a single 
peak containing high chymotrypsin and trypsin inhibitory activities was obtained. 
It shows that most of the trypsin inhibitory activity was bound to the trypsin 
affinity column. However, since the chymotrypsin inhibitory activity was eluted 
by HC1 but not in the flowthrough, it seems that the column was not selective 
enough. The chymotrypsin inhibitor could bind to the trypsin-Sepharose 4B 
column and appeared as the high chymotrypsin inhibitory activity in the adsorbed 
peak eluted by application of 0.05 M HC1. The purification fold and percentage 
yield of this chromatography are summarized in Table 3.2. 
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Fig. 3.7 Affinity chromatography of the crude extract on 
trypsin-Sepharose 4B. The crude extract of Momordica cochinchinensis 
seeds was dialyzed against the equilibration buffer (0.05 M Tris-HCI, pH 
8.0) and then loaded onto a trypsin-Sepharose 4B column (15 x 120 mm) 
which was equilibrated with the equilibration buffer. After the column was 
washed with 2 column volumes of equilibration buffer, it was then eluted 
with 3 column volumes of 0.05 M HCI. The flow rate was 0.7 ml/min and 
the fraction size was 2.5 ml. The fractions were monitored for 
chymotrypsin inhibitory activity (U/ml) (•)，trypsin inhibitory activity (U/ml) 
(•)，and absorbance at 280 nm (A). 
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Table 3.2 Purification of trypsin inhibitor by trypsin-Sepharose 4B 
affinity column 
Specific 
Amount Inhibitory Inhibitory Purification Percentage 
of Activity (U) Activity Fold Yield (%) 
SamP%rotein (U/mg) 
_ 
Try Chy Try Chy Try Chy Try Chy 
Crude � ‘ 109.35 101.1 54.5 0.92 0.25 - . - - -
Extract 
TA 15.65 52.3 10.8 3.34 0.34 3.61 1.38 51.7 19.8 
The inhibitory activity toward trypsin (Try) and chymotrypsin (Chy) was 
determined as described in Section 3.2.5. 
Purification fold was calculated by taking the specific inhibitory activity in 
crude extract as 1. 
Percentage yield was calculated by taking the inhibitory activity in crude 
extract as 100 %. 
TA: Pooled fraction of trypsin-Sepharose 4B. 
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3.4 Discussion 
ln the past, serine protease inhibitors were extensively studied and most of 
the studies were focused on trypsin inhibitors. This may be due to the 
significance of trypsin inhibitors and their abundance in different plants. 
However, in the present study we found that chymotrypsin inhibitor was also 
abundant in the seeds of Momordica cochinchinensis. 
For cation exchange chromatography, SP-Sepharose column chromatography 
seems to be a highly efficient purification method as the first step. In other 
studies, the percentage yield from an ion exchange chromatography step was 
usually lower than 50 % while the purification fold was variable ranging from 1.4 
fold to 68 fold (Haldar et al., 1996; Smirnoffet al., 1976). Compared with others, 
the SP-Sepharose column removed more than half of the soluble proteins from the 
crude extract while over 90% of the inhibitory activity was retained. In addition 
to an average o f 2 . 5 fold of purification, the result of purification by SP-Sepharose 
was satisfactory as the first step ofpurification. 
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The trypsin inhibitor and chymotrypsin inhibitor from Momordica 
cochinchinensis seeds was adsorbed on the SP-cation exchanger at pH 4.0 (Fig. 
3.1). This behavior during ion exchange chromatography was very similar to 
that of LA-1 and LA-2 from Luffa acutangula Linn. (Haldar et al., 1996), MCTI-I 
and MCTI-III from Momoridca charantia Linn. (Hamato et al., 1995; Hara et al., 
1989), CMeTI-B from Cucumis melo (Lee and Lin, 1995), EETI from EchaUium 
elaterium (Favel et al., 1989) and a double-headed trypsin-chymotrypsin inhibitor 
from Cicer arietinum (Smirnoff et al., 1976). The SP-Sepharose chromatogram 
o f t h e Momordica cochinchinensis seed extract also showed that the chymotrypsin 
inhibitory activity and the trypsin inhibitory activity were due to different 
inhibitors. 
For the trypsin affinity column, it removed more than 80 % of soluble 
proteins from the crude extract while around 50 % and 20 % of trypsin and 
chymotrypsin inhibitory activity were retained respectively. In addition to the 
1.4 fold and 3.6 fold of purification of chymotrypsin and trypsin inhibitory 
activity respectively, it seems that the efficiency was more or less the same as the 
SP-Sepharose column but the percentage yield was lower. Compared to the 
other studies with a purification fold which ranged from 1.1 fold to 13 fold, the 
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purification fold achieved in the present investigation lies within the range (Lin et 
al., 1991; Norioka et al., 1982). However, the percentage yield was lower than 
that in the other studies, which usually have a round 70 % yield (Belew et al., 
1975). 
Several reports described the isolation of protease inhibitors by using a 
trypsin- or chymotrypsin-Sepharose 4B column (Kortt, 1979; Kortt. 1980). 
Affmity chromatography using proteases as ligands may indeed be a useful 
procedure, but it may not be satisfactory because of the potential of forming 
undesirable modified inhibitors (Shibata et al., 1986), as shown by Lee and Lin 
(1995). In their attempt to purify two squash type trypsin inhibitors, called 
CMeTI-A and CMeTI-B, from Cucumis meh, two more isoforms called 
CMeTI-A* and CMeTI-B* were found. They found that the CMeTI-A* had 5 
N-terminal residues short of CMeTI-A, showing that the trypsin affinity column, 
which they used in the purification procedure, had cleaved the inhibitors. This 
was also true for the CMeTI-B and CMeTl-B*. A similar observation has also 
been reported by Kortt (1979). Trypsin-modified Kunitz type trypsin inhibitors 
from Psophocarpus tetragonolobus was found after passing through a 
trypsin-bound affinity column. A fraction of inhibitors was derived from another 
g^^^—^^^^BBgggg^^Bg^^^BBBBg^^^^^^^^^Bgeg^gggg^^gggggggBB^^^ 
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three major inhibitors. 
The elution of inhibitors from immobilized proteases at low pH can also 
result in enzymatic cleavage of the native inhibitor at the reactive site. Two 
Bowman-Birk type trypsin inhibitors, called P5 and P6 isolated from Cicer 
arietmum, consisted of one peptide chain and two peptide chains linked by 
disulfide bridges respectively (Belew and Eaker, 1976). Belew and Eaker (1976) 
found that P6 is derived from P5 after cleavage at the active site, i.e., Lys '^-Ser ' \ 
by the trypsin bound affinity column. Such cleavage does not modified the 
length of inhibitor but modifies its conformation. Although there are many 
examples of cleavage of inhibitor by the trypsin-bound affmity column, there are 
also some inhibitors which can be isolated without modification after passing 
through such a column (Lin et al., 1991; Ling et al., 1993; Norioka et al., 1982). 
Consequently, cleavage of inhibitors by the bound trypsin on the column does not 
invariably occur and may depend on other factors, e.g., the stability of particular 
inhibitors, but certainly not depending on the type of inhibitors. 
Since trypsin-Sepharose 4B column had a similar efficiency as the 
SP-Sepharose column but there was a risk of modification of the inhibitors, the 
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ion exchange chromatography was chosen as the first step of purification rather 
than affinity chromatography on trypsin-Sepharose 4B. 
The specific chymotrypsin and trypsin inhibitory activity of CI and TI-1 to 
ri-5 were 2.8 U/mg and about 3.5 U/mg respectively. The other trypsin 
inhibitors from Acacia (Vartak et al., 1980), Luffa (Haldar et al., 1996), 
Momordica (Hara et al., 1989; Huang et al., 1999) and Vigna (Lin et al., 1991) 
have the specific trypsin inhibitory activity ranged from 1.4 U/mg to 6.9 U/mg. 
For the trypsin inhibitors bearing chymotrypsin inhibitory activity from Vignu, 
their specific chymotrypsin inhibitory activities were 0.2 U/mg and 0.8 U/mg 
respectively. Such results suggested that the chymotrypsin inhibitor from 
Momordica cochinchinensis seemed to be a strong inhibitor while trypsin 
inhibitors was only a moderate inhibitor among the others. 
For the purification reported by others, there were usually 4 fold to 50 fold of 
purification (Haldar et al., 1996; Hamato et al., 1995; Hara et al., 1989; Huang et 
al., 1999; Lin et al., 1991; Sumathi and Pattabiraman, 1977; Vartak et al., 1980). 
The yield ranged from 5 % to 40 % (Favel et al., 1989; Haldar et al., 1996; 
Hamato et al., 1995; Hara et al., 1989; Lin et aL, 1991; Smirnoff et al., 1976; 
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Sumathi and Pattabiraman, 1977; Tashiro et al., 1991; Vartak et al., 1980). For 
the present study, the purification fold of chymotrypsin and trypsin inhibitory 
activity was 15 fold and 10 fold respectively while the percentage yield of 
chymotrypsin and trypsin inhibitors was 30 % and 10 % respectively. The 
results were within the range. 
A squash type trypsin inhibitor, in fact, has already been isolated from 
Momordica cochinchinensis seeds by Huang et al. (1999). In that study, the 
RP-HPLC chromatogram also indicated a number of peaks which resembled the 
peak of chymotrypsin inhibitory activity and the five peaks of trypsin inhibitory 
activity in the present study. However, only MCCTI-1 was isolated while at the 
same time another inhibitor named as MCCTI-2, corresponding to Tl-5 in the 
present study, was found in that previous study. Although MCCTI-2 also carried 
trypsin inhibitory activity, it split into two peaks upon re-chromatography on 
RP-HPLC. The emphasis was therefore placed on MCCTI-1 while MCCTI-2 
was not pursued further in that study. However, the relationship between that 
inhibitor (MCCTI-1) and the isolated trypsin inhibitors (TI-1 to TI-5) in the 
present study was not clear. Further investigation, e.g. amino acid sequencing, 
o f t h e inhibitors will be required to establish the relationship. 
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The titration of chymotrypsin is shown in Fig. 3.4. The reaction of 
chymotrypsin with NPA can be divided into two phases, an initial burst phase and 
a later steady-state phase. Chymotrypsin firstly binds to NPA, forms an 
acetyl-chymotrypsin intermediate and releases p-nitrophenol, the element for the 
absorbance detection. This step is called acylation and corresponds to the initial 
faster production of p-nitrophenol, the steeper initial range of the curve. Then an 
acetate ion and a free enzyme will be released after hydrolysis. This second step 
is called deacylation, which is much slower than the first one, so that it determines 
the overall reaction rate. This corresponds to the later steady production of 
p-nitrophenol, the flatter later range of the curve. As a result, in the presence of 
an excess of substrate, NPA, the y-intercept extrapolated from the steady-state 
phase represents the amount of active chymotrypsin and is used for calculation, 
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Chapter 4 Characterization of Chymotrypsin Inhibitor and 
Trypsin Inhibitors 
4.1 Introduction 
The properties of serine protease inhibitors vary from one to another. Some 
of them are large, like the 20 kDa Kunitz type inhibitors, and some of them are 
small, like the 3.5 kDa squash type inhibitors. Some of them are single headed 
and some of them are double-headed. In order to understand the serine protease 
inhibitors, a lot of researches have done on it in the past sixty years. 
In fact, the inhibitors have attracted the attention of researchers from many 
disciplines. Firstly, it intrigued nutritionists owing to their possible effect on the 
nutritive value of plant proteins, in particular legume seeds. Of these, the 
soybean, which is rich in serine protease inhibitors, has assumed an important role 
in animal and human nutrition. Secondly, crystallization of an inhibitor and its 
complex with protease and investigation of the stoichiometry of the 
protease-inhibitor complex have provided protein chemists with excellent models 
for studies of protein-protein interaction. In addition to the involvement of 
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proteolysis in the regulation of intracellular protein metabolism and in the 
processing of precursor proteins and peptides, interest in the biochemical basis as 
well as the physiological and medical applications of naturally occurring 
inhibitors of proteolysis has increased. 
With respect to a protein molecule, the most basic characteristics are its 
molecular weight and amino acid sequence. Based on this information, an 
inhibitor can be classified into a certain and the structure-function relationship can 
be studied. With respect to an enzyme or inhibitor, the kinetics parameters and 
the interaction between them are other important characteristics. This gives the 
researchers a view of the possible applications of serine protease inhibitors. 
Besides, the protein-protein interaction can also be studied. Throughout the 
present study, the molecular weight, N-terminal sequence and some kinetics 
parameters on the interaction between the inhibitors and proteases, e.g. inhibitory 
constant (Kj), of CI and TI-1 to TI-5 were investigated. By obtaining more 
characteristics of serine protease inhibitors and take them as a model, the 
structure-function relationship of a protein and the protein-protein interaction can 
be understood. Furthermore, the possible applications of serine protease 
inhibitors can be explored. 
89 
Chapter 4 Characterization of Chymotrypsin Inhibitor and Trypsin Inhibitors 
4.2 Materials and Methods 
4.2.1 Materials 
N-succinyl-Ala-Ala-Pro-Phe p-nitroanilide (sAAPFpNA) was a product of 
Sigma Chemical Co. FAST IAsys biosensor system, an amine coupling kit for 
immobilization (containing 1 -ethyl-3-(3-dimethylaminoprophy) carbodiimide 
(EDC), N-hydroxysuccinimide (NHS), and 1 M ethanolamine, pH 8.5), IAsys 
carboxymethyl dextran (CMD) cuvettes and FASTfit kinetics data analysis 
software were the products of Affinity Sensors, Bar Hill, Cambridge, United 
Kingdom. GVWP filter (0.22 ^im) was a product of Millipore, Micron 
Separations Inc. Disposable filter unit of 0.22 ^im pore size with luer fitting 
(Cameo 25AS, acetate, sterile, non-pyrogenic) was a product of Micron 
Separations Inc. All other chemicals were of analytical grade and were used 
without further purification. 
4.2.2 Determination of Molecular Weight 
The molecular weights of the sample were determined by using Tricine SDS 
PAGE. The Tricine SDS-PAGE was performed according to the procedure of 
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Schagger and von Jagow (1987), using a 16.5 % separating gel, a 10 % spacer gel 
and a 4 % stacking gel, as described in Section 3.2.6. The molecular weights of 
the samples were then estimated by comparing with the SDS-PAGE molecular 
weight polypeptide standards. 
Moreover, in order to determine the number of subunits in CI, the sample 
was treated under different conditions, including the presence and absence of 
p-mercaptoethanol and different heat treatments, before being subjected to 
SDS-PAGE analysis. Three different heat treatments included first, the sample 
was not heated at all, second, heated for 15 min after mixing with sample buffer 
and third, heated twice for 15 min before and after mixing with sample buffer 
were also tested. 
4.2.3 Amino Acid Sequence Analysis 
A lyophilized sample of chymotrypsin inhibitor was sent to Prof. John W.S. 
Ho of our Department for N-terminal sequence analysis. It was performed by 
using a HP H1000A Edman degradation unit and a HP1090 HPLC system. 
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4.2.4 Surface Plasmon Resonance Measurement 
Interactions between the inhibitors and their corresponding serine proteases 
were investigated by using the optical biosensor IAsys cuvette system (Affinity 
Sensors, U.K.). All measurements were done following the IAsys Methods 
Guide provided by Affmity Sensors (Berre-Anton et al., 1997; Edwards and 
Leatherbarrow, 1997; Hirmo et al., 1998; Iwanaga et al., 1998). 
Ten millimolar sodium acetate, pH 6.0, phosphate buffered saline (PBS, 10 
mM in phosphate, 2.7 mM potassium chloride and 138 mM sodium chloride with 
a pH of 7.4) and PBS/T (PBS with Tween 20 at 0.05 % (v/v)) were prepared by 
using Nano-Pure water (conductivity > 18.1 mQ, Barnstead). It was filtered 
through GVWP filters (0.22 ^m) fitted to a bottle top filter (Millipore, U.S.A.) 
and then autoclaved. 
4.2.4.1 Immobilization of Ligands on the Surface of Optical Biosensors 
Before the measurements, chymotrypsin or trypsin (200 ^ig/ml in 10 mM 
sodium acetate, pH 6.0) was firstly immobilized on a carboxymethyl dextran 
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(CMD) matrix of the optical biosensors (IAsys cuvette) by using EDC/NHS 
chemistry as described in the IAsys Methods Guide. Any residual NHS groups 
were blocked with 1 M ethanolamine, pH 8.5 for 2 min and then washed with 
I)BS/T buffer. The immobilized chymotrypsin was washed with 10 mM HCI (3 
X 2 min) followed by PBS/T. 
4.2.4.2 Determination ofKinetics Constants 
The binding of various concentrations of CI or TI-1 to TI-5 in PBS was 
monitored for 4 min. Dissociation was initiated by adding PBS to the cuvette 
and recording the decrease in response for 4 min. Chymotrypsin was 
regenerated after each CI binding/dissociation with lOmM HC1 for 1 min. 
The K[) was determined as the ratio of the individual association and 
dissociation rate constants (kdiss/kass). 
4.2.4.3 pH Dependence of the Inhibition by Chymotrypsin Inhibitor 
In this assay, buffers with different pHs were used. Nine buffers of seven 
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different pHs were divided into three categories: 0.2 M sodium acetate (pH 4.0, 
pH 5.0 and pH 6.0), 0.2 M sodium phosphate (pH 6.0, pH 7.0 and pH 8.0) and 0.2 
M ammonium chloride (pH 8.0, pH 9.0 and pH 10.0). All of them were syringe 
filtered by passing through 0.22 ^im pore size disposable filter units (Cameo 25AS, 
Micron Separations Inc.) before use. 
The measurement of the dissociation equilibrium constant of CI in different 
pHs was done similar to that described in Section 4.2.3.2 except for changing the 
reaction buffer to the buffers of different pHs. Different buffers with same pH 
(pH 6 and pH 8) were done in order to correct the effect o fbuf fe r change. 
4.2.4.4 Data Analysis 
The interaction profiles for each CI concentration were analyzed using 
FASTfit kinetics analysis software supplied with the instrument. Experimentally 
derived association and dissociation data were fitted to equations containing a 
single or double exponential function. 
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Parameters were fitted as follows: the baseline covered 30 sec of data 
immediately prior to the start of the association, the association phase covered the 
period 2 sec after the addition of sample to 240 sec after the addition, and the 
dissociation was from 4 sec after the addition of PBS to 240 sec after the addition. 
It was found that both the association and dissociation data were well 
described with single exponential equations. The pseudo first-order rale constant, 
kpseiido, with units of s ' ' , was obtained for each concentration of CI. Using linear 
least squares regression, the association rate constant, kass, with units of M"'s"', 
was derived from the gradient of the plot of kpseudo against CI concentration. The 
dissociation rate constant, kdiss, with units of s"', was derived from the Y-intercept 
of the plot of kpseudo against CI concentration. 
4.2.5 Effect of Chymotrypsin Inhibitor on the Estereolytic Activity and 
Proteolytic Activity of Chymotrypsin 
The assay for chymotrypsin inhibitory activity, based on the estereolytic 
activity of chymotrypsin, was performed by using BTEE as substrate as described 
in Section 2.2.3. The only change was that the incubation time was reduced 
^^^^^S^^SS^^^S!^SB^SSS^SS^S!^^^SSSBS^SSBSSSSBSSSBBSB^^BSS^^^BSS 
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from 15 min to 5 min since 5 min was found to be sufficient for the binding of CI 
to chymotrypsin. 
For the assay for chymotrypsin inhibitory activity based on the proteolytic 
activity of chymotrypsin, N-succinyl-Ala-Ala-Pro-Phe p-nitroanilide (sAAPFpNA) 
was used as a substrate of chymotrypsin. Ten i^l of a-chymotrypsin (0.1 mg/ml) 
in assay buffer and 10 i^l CI with different dilutions in assay buffer were added 
into 480 i^l assay buffer (50 mM Tris-HCl with 20 mM CaCb, pH 8.0). The 
reaction mixture was then incubated for 5 min at room temperature. The 
reaction was started by adding 500 i^l 1 mM sAAPFpNA in assay buffer. 
Absorbance change was measured at 385 nm for 3 min. A negative control was 
performed by using 10 jil of assay buffer instead of the chymotrypsin inhibitor. 
4.2.6 Specificities of the Inhibitors 
All the protease inhibitory assays, including assays for chymotrypsin, trypsin, 
elastase and subtilisin inhibitory activity, were the same as those described in 
Section 2.2.3 but the samples were changed to CI and TI-1 to TI-5. 
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4.2.7 Binding Ratio of CI to Different Proteases 
The protease inhibitory activities of different concentrations of CI were 
assayed as described in Section 2.2.3. The incubation time was reduced to 5 min 
owing to the observation that 5 min was already sufficient for the binding of CI to 
the proteases. The percentages of inhibition were plotted against the ratio of the 
inhibitors to the proteases. 
4.2.8 Effects of the Proteases on Their Corresponding Inhibitors 
The inhibitors were incubated with the corresponding proteases for different 
time periods and then analyzed in SDS-PAGE and for chymotrypsin inhibitory 
activity, in order to see their interaction. 
4.2.8.1 Tricine Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis 
A suitable amount of CI and TI-1 to TI-5 was incubated with chymotrypsin 
and trypsin respectively so as to achieve about 50 % inhibition for 24 hr. Then 
the sample was subjected to Tricine SDS-PAGE analysis as described in Section 
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3.2.6. 
4.2.8.2 Assay for Chymotrypsin Inhibitory Activity 
The sample, CI, was subjected to the assay for chymotrypsin inhibitory 
activity as described in Section 2.2.3. The incubation time was changed to 24 hr 
and the incubation temperature was changed to 4°C and room temperature. 
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4.3 Results 
4.3.1 Molecular Weights of the Inhibitors 
From the results of SDS-PAGE (Fig. 4.1), the molecular weight of CI was 
found to be 6500. The single band pattern was also observed under different 
treatments including reducing and non-reducing conditions, suggesting that the 
sample CI was a single peptide with no subunits (Fig. 4.2). A calculation from 
the standard curve based on the molecular weight standards indicated that the 
molecular weights ofTI-1 to TI-5 were all around 4500 
4.3.2 N-terminal Amino Acid Sequence 
The sequence of the first 14 N-terminal amino acid residues of CI was as 
follows: 
1 I 2 I 3 I 4 I 5 I 6 I 7 I 8 | 9 | 10 | 11 | 12 | 13 | 14 
R T A 
S V L D F R A V D R V 
P Q ^ 
However, since there were some uncertainties and the N-terminal sequence was 
not long enough and was not in the high homology region, the sequence could not 
be compared with other inhibitors. 
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CI Std TI5 TI4 TI3 TI2 TI1 
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Fig. 4.1 SDS-PAGE of the CI and TI-1 to TI-5. TI-1 to TI-5: Trypsin 
inhibitor 1 to Trypsin inhibitor 5 purified from Momordica cochinchinensis 
seeds. All of them had a molecular weight of around 4500. Std: 
Molecular weight polypeptide standards. CI: Chymotrypsin inhibitor 
purified from Momordica cochinchinensis seeds. It had a molecular 
weight of 6500. 
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Fig. 4.2 SDS-PAGE of CI with different treatments. On the left hand 
side of the molecular weight standards (Std), p_mercaptoethanol (M) was 
added yielding a reducing condition while on the right hand side no 
p-mercaptoethanol was added giving a non-reducing condition. Besides, 
there were three different heat treatments including: a) NH: CI had no heat 
treatment at all; b) H: CI was heated for 15 min after mixing with sample 
buffer; and c) H2: CI was heated for 15 min twice before and after mixing 
with sample buffer. Such different heat treatments ensured that all of the 
disulfide bonds had been broken and the number of subunits could be 
determined. 
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4.3.3 Surface Plasmon Resonance Measurement 
4.3.3.1 Kinetics of Chymotrypsin Inhibitor 
Fig. 4.3 showed the real time association between different concentrations of 
C1 and immobilized chymotrypsin. The association rate increased with 
increasing concentrations of CI. From the plot, the pseudo first-order rate 
constant (kpseudo) was determined for different concentrations of CI (Table 4.1). 
After kpsci,do was plotted against the concentrations of CI as shown in Fig. 4.4, the 
association rate constant (kass) between CI and immobilized chymotrypsin was 
derived from the gradient of such plot as 162000 M"'s"'. On the other hand, the 
dissociation rate constant (kdiss) was derived from the Y-intercept of such plot and 
was 0.0012 s—i. Taking together, it gave a dissociation equilibrium constant (K!)) 
o f7 .30 X lO-')M. 
®^™®^^®!^®S^^^^S^®!^®^^^^=SSaBBB!^H!^S!SSBHSB!SHHHSHHB^^H^ 
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Fig. 4.3 Overlap plots of CI binding to immobilized chymotrypsin. 
Different concentrations of CI were added to bind to the immobilized 
chymotrypsin and monitored by a real time optical biosensor cuvette 
system (IASys). With a higher concentration of CI, the initial binding rate 
was higher and level down faster. 
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Table 4.1 kpseudo of different concentrations of inhibitors against 
their major target protease 
Inhibitor Concentration (pM) kpseudo (s" )^ 
0.30 0.050 
0.21 0.035 




TI-1 0.15 0.034 
^ . 0.015 
0.60 0.041 
TI-2 0.15 0.034 
^ 0.016 
0 ^ 0.035 
TI-3 0.15 0.017 
^ 0.013 
0.60 0.040 
TI-4 0.30 0.035 
0 ^ 0.032 
0.60 0.089 
了1 5 0 . 3 0 0 . 0 5 2 
0.15 0.026 
^ 0.017 
The constant was determined as against chymotrypsin for CI while against 
trypsin for TI-1 to TI-5. 
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Fig. 4.4 Plot of kpseudo against different concentrations of CI. 
Gradient of the curve was determined as kass while Y-intercept was 
determined as kdiss-
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4.3.3.2 Kinetics of Trypsin Inhibitors 
The K[) o fTI -1 to TI-5 against immobilized trypsin determined as described 
above were 7.68 x 10'^ M, 5.44 x 10"^  M, 2.48 x lO_7 M, 1.81 x 10.6 M and 5.30 x 
8 • 
10' M respectively. The kinetics constants between the serine protease 
inhibitors and the protease are summarized in Table 4.2 
4.3.3.3 pH Dependence of the Inhibition by Chymotrypsin Inhibitor 
The K[) of CI against immobilized chymotrypsin at different pHs were 
determined and showed in Table 4.3. As a smaller Ko value indicated a higher 
affinity, it seems that CI had a higher affmity to immobilized chymotrypsin at 
lower pH than at higher pH and the optimum pH for the binding was pH 5.0. 
4.3.4 Effect of Chymotrypsin Inhibitor on the Estereolytic Activity and 
Proteolytic Activity of Chymotrypsin 
As shown in Table 4.4, the inhibitor CI exhibited the same inhibitory activity 
on chymotrypsin no matter whether it was measured by the estereolytic activity or 
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Table 4.2 Summary of kinetic constants of CI and TI-1 to TI-5 
kass(M-is_i) kdiss (s ' ) Ko (M) 
CI 162000 0.0012 7.30 x10-9 
TI-1 127000 0.0098 7.68 x 10'® 
TI-2 36700 0.0200 5.44 x 10"^  
TI-3 41700 0.0103 2.48 x 10'^  
TI-4 16500 0.0298 1.81 x 10"® 
TI-5 138000 0.0073 5.30 x 10"® 
kass was determined from gradient of the plot of kon against ligand 
conc6ntr3t ions . 
kdiss was determined from Y-intercept of the plot of kon against ligand 
coAC6ntr3tions. 
Ko was calculated from kdiss/lw 
The constant was determined as against chymotrypsin for CI while against 
trypsin for TI-1 to TI-5. 
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Table 4.3 Kp of CI against chymotrypsin at different pHs. 
Buffer pH Ko (M) 
4.0 1.02 X 10'^  
0.2 M Sodium Acetate 5.0 1.09 x 10"® 
6.0 1 . 6 7 x i o _ 7 
6.0 8 .10 X 10"® 
0.2 M Sodium Phosphate 7.0 2.28 x 10_7 
8.0 3 .36 x 10-7 
8.0 1.09 X 10'^ 
0.2 M Ammonium Chloride 9.0 1.36 x 10'^ 
10.0 1.23 X 10 ® 
The Ko were determined by using an optical biosensor cuvette system and 
chymotrypsin was immobilized on CMD of cuvette. The optimum pH was 
determined as pH 5.0. 
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Table 4.4 Effect of CI on the estereolytic and proteolytic activity of 
chymotrypsin 
Specific Chymotrypsin Inhibitory Activity (U/mg) 
Sample 
BTEE sAAPFpNA 
CI 2.61 2.65 
The estereolytic activity of chymotrypsin was measured with BTEE as 
substrate 
The proteolytic activity of chymotrypsin was measured with sAAPFpNA as 
substrate 
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proteolytic activity of chymotrypsin. This shows that the binding of CI to 
chymotrypsin not only inhibited the estereolytic activity of the chymotrypsin but 
also its proteolytic activity, although it was expected as CI inhibited chymotrypsin 
by blocking its active site. 
4.3.5 Specificities of the Inhibitors 
From Table 4.5, it can be found that TI-1 to TI-5 showed a very high 
specificity in that all of them inhibited trypsin only but not chymotrypsin, elastase 
nor subtilisin. On the other hand, the inhibitor CI exhibited a lower specificity 
since it not only inhibited chymotrypsin but also trypsin, elastase and subtilisin, 
albeit to different degrees. The inhibitor CI exhibited specific chymotrypsin, 
trypsin, elastase and subtilisin inhibitory activities of 2.9 U/mg, 0.2 U/mg, 0.1 
U/mg and 5.8 U/mg respectively. 
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Table 4.5 Specificities of protease inhibitors 
Specific Inhibitory Activity against Proteases (U/mg) 
Sample 
Chymotrypsin Trypsin Elastase Subtilisin 
CI 2.85 0.20 0.08 5.82 
TI-1 N.D. 1.38 N.D. N.D. 
TI-2 N.D. 3.68 N.D. N.D. 
TI-3 N.D. 3.90 N.P. N.D. 
TI-4 N.D. 3.73 N.D. N.D. 
TI-5 N.D. 3.23 N.D. N.D. 
N.D.: Not detectable 
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4.3.6 Binding Ratio of CI to Different Proteases 
Fig. 4.5 shows the binding ratio of CI to chymotrypsin and subtilisin. The 
entire ratio was calculated by extrapolating the linear range to form the x-intercept. 
It was found that CI bound chymotrypsin and subtilisin in a molar ratio, i.e. one 
CI molecule bound to one chymotrypsin or one subtilisin molecule. Besides, CI 
bound to trypsin and elastase in a much weaker manner and so had an abnormally 
high ratio in such a plot (Fig. 4.6). 
4.3.7 Effects of the Proteases on Their Corresponding Inhibitors 
The proteolytic activities of chymotrypsin and trypsin on their corresponding 
inhibitors were investigated in this experiment. The SDS-PAGE results of the 
mixed CI and chymotrypsin are shown in Fig. 4.7. The bands which appeared in 
the CI and chymotrypsin mixture were the same as that in chymotrypsin but only 
one more band than that representing the CI. Based on the observation that there 
was only one more band, but not two, and that the CI band still showed a 
molecular weight of 6500, there was no cleavage of CI by the chymotrypsin after 
24 hr of incubation. 
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Fig. 4.5 Binding ratio of CI to chymotrypsin and subtilisin. The 
residual protease activity was determined as described in Section 4.2.7. 
CI inhibited both chymotrypsin ( # ) and subtilisin ( • ) stoichiometrically at a 
molar ratio of one to one which showed as the extrapolated X-intercept. 
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Fig. 4.6 Binding ratio of CI to trypsin and elastase. The stoichiometry 
relationship between CI and trypsin ( • ) and elastase ( • ) were not clear by 
such plot. Although the value can be determined as in the X-intercept, it 
did not truly represent the molar ratio of binding. This could be due to a 
difference in the equilibrium position. 
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Fig. 4.7 SDS-PAGE of CI-chymotrypsin mixture. Molecular weight 
standards are shown in lane on the right (Std). The mixture of CI and 
chymotrypsin after 24 hr of incubation is shown in middle lane (CI t C). 
Bovine a-chymotrypsin is shown in lane on the left (C). Besides the major 
band of CI and several bands of chymotrypsin, there were no other bands 
in middle lane. 
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If the inhibitors were cleaved into several peptide chains by the protease, 
there would have been several additional bands in the lane of inhibitors-protease 
mixture besides the inhibitor band and the protease band(s). However, from Fig. 
4.8，only one additional band, but no more, was observed in each TI and trypsin 
mixture after comparing with trypsin. All TI retained their original molecular 
weights, trypsin seemed to have no proteolytic effect on the TI after incubation for 
24 hr. 
According to the data in Table 4.6, the estereolytic activity of chymotrypsin 
decreased sharply after incubation for 24 hr at both 4°C and at room temperature 
although the activity after incubation at 4°C was higher than that al room 
temperature. On the other hand, the percentage of inhibition due to 
chymotrypsin inhibitor remained unchanged at around 50 % after 24 hr of 
incubation in both conditions. This suggests that chymotrypsin had not digested 
chymotrypsin inhibitor after 24 hr of incubation. 
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Fig. 4.8 SDS-PAGE of Tl-trypsin mixtures. Molecular weight standards 
are shown in (Std). Porcine trypsin is shown in (T). There were three 
major bands with a molecular weight of 25000, 15000 and 12000 
respectively. The smaller two originated from the breakdown of the 
largest one. The Tl-trypsin (TI-1 to TI-5) mixtures after 24 hr of incubation 
are shown in the other lanes. In addition to the bands of Tl and trypsin, 
there were no other bands formed by cleavage. 
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Table 4.6 Proteolytic activity of chymotrypsin on chymotrypsin 
inhibitor 
Chymotrypsin Estereolytic 
Incubation Activity (U) Percentage of 
Condition Inhibition (%) 
-C I +CI 
15min (RT) 0.84 0.37 56.4 
24hr(RT) 0.31 0.16 47.3 
24hr(4。C) 0.44 0.21 • 51.4 
One unit of chymotrypsin estereolytic activity is defined as the hydrolysis of 
BTEE by chymotrypsin to give an absorbance change of 0.1 at 253 nm per 
min 
-CI: Absence of CI in the assay mixture (Negative control) 
+ CI: Presence of CI in the assay mixture 
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4.4 Discussion 
Basically, the classification of serine protease inhibitors is based on their 
molecular weight, i.e., the Kunitz type inhibitors have a molecular weight of 
around 20000 (Shibata et al., 1986), Bowman-Birk type inhibitors have a 
molecular weight of around 8000 {Ishikawa et al., 1985) and the squash type 
inhibitor have a molecular weight of around 3000 (Haldar et al., 1996). Based 
on these, the CI from Momordica cochinchinensis seeds seemed to belong to the 
Bowman-Birk type since its molecular weight was around 6500. Besides, the 
TI-1 to TI-5 should belong to the squash type owing to the observation that their 
molecular weight was around 4500. However, amino acid sequences and amino 
acid compositions of these inhibitors are needed for a conclusive classification. 
As a comparison, the molecular weight of TI-1 to TI-5 calculated from the 
SDS-PAGE seemed to be larger when compared with the common squash type 
trypsin inhibitors (Huang et al., 1999) since all the squash type trypsin inhibitors 
have a molecular weight of only around 3500. However, CI had a smaller 
molecular weight than the other common Bowman-Birk type inhibitors which is 
all round 8000 (Tashiro et al., 1991). 
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Besides isoinhibitors, different types of serine protease inhibitors were also 
usually found in the same source (Habu et al., 1992), e.g., STI and BBI in soybean 
which belong to Kunitz type and Bowman-Birk type inhibitors respectively (Birk, 
1985). In Momordica cochinchinensis, a Bowman-Birk type chymotrypsin 
inhibitor (CI) and five squash type trypsin inhibitor (TI-1 to TI-5) were found. 
This was similar to the finding of one Bowman-Birk type trypsin inhibitor 
(MCTI-I) and four squash type elastase inhibitors (MCEI-I to MCEI-IV) in 
Momordica charantia (Hamato et al., 1995). This suggests that legume seeds 
not only contain large amounts of serine protease inhibitor, but also contain many 
different forms (isoinhibitors) and different types although the physiological 
reasons for the evolution of different forms and types of inhibitors in plant are not 
completely understood. 
The Kj (K[)) of CI was similar to other chymotrypsin inhibitors. Five 
Bowman-Birk type protease inhibitors isolated from Arachis hypogaea all have a 
Kj against chymotrypsin of about 1.2 x 10"^  M (Norioka et al., 1982) which is in 
the same order of magnitude as that of CI. However, in the case of the five 
isoinhibitors of trypsin, TI-1 to TI-5, their Ki were much different from that of 
other squash type trypsin inhibitors. As shown in Table 1.2, squash type trypsin 
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inhibitors have a range o f K j between 10"'^ M and 10"'^ M whereas the K, ofTI-1 
to TI-5 ranged from 5.30 x 10"^  M to 1.81 x 10"^  M. The abnormally low affinity 
to trypsin may be due to the trypsin inhibitors having a different behavior towards 
immobilized trypsin. 
The occurrence of isoinhibitors of serine proteases in different species is well 
known (Smirnoff et al., 1979), e.g., the trypsin inhibitors in Cucumis melo (Lee 
and Lin, 1995) and the inhibitors in Momordica charantia (Hamato et al., 1995; 
Hara el al., 1989) also occur as isoinhibitors. All the isoinhibitors have almost 
the same molecular weight and only a little difference in amino acid sequence but 
their activities against proteases may be significantly different (Belew, 1977). 
For example, in Momordica charantia, MCEI-I and MCEI-II differ by only one 
amino acid residue in the N-terminal, but their Kj values against elastase are 9.7 x 
10-7 M and 9.4 x 10"^  M respectively which differ by more than 100 fold (Hamato 
et al., 1995). In the present investigation, the Kj of TI-1 to TI-5 were also 
different from each other and the biggest difference was around 100 fold. This 
may be due to the variation of some critical amino acid residues. Nevertheless, 
the physiological reasons of why legumes have evolved a series of inhibitors are 
not known (Kortt and Jermyn, 1981). 
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As shown in Table 4.5, the trypsin inhibitors were very specific in their 
action and inhibited only trypsin but not other serine proteases. This was similar 
to other squash type trypsin inhibitors (Favel et al., 1989; Haldar et al., 1996; Ling 
et al., 1993). On the contrary, the CI could strongly inhibit chymotrypsin and 
subtilisin and generally inhibited trypsin and elastase. This was different from 
the other trypsin-chymotrypsin inhibitors which usually can only strongly inhibit 
trypsin but jus t weakly inhibit chymotrypsin (Kortt, 1979; Kortt and Jermyn, 1981; 
Norioka et al., 1982). CI was named chymotrypsin inhibitor but not subtilisin 
inhibitor since chymotrypsin has a similar selectivity and proteolytic mechanism 
as subtilisin whereas subtilisin is a much more non-specific protease. While 
chymotrypsin can only cleave the peptide bond with aromatic or bulky non-polar 
side chains on the carboxyl side, subtilisin can cleave all the peptide bonds with 
non-polar chains on the carboxyl side. Therefore, when an inhibitor can inhibit 
chymotrypsin, it usually can inhibit subtilisin but not vice versa, i.e., subtilisin 
inhibitor cannot inhibit chymotrypsin (Vartak et al., 1980). 
Different serine protease inhibitors from different sources have different 
binding ratios to their corresponding protease. CI had a usual one to one molar 
binding ratio to chymotrypsin and subtilisin, just like many other protease 
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inhibitors (Batista et al., 1996; Furuichi et al., 1993; Kortt, 1979; Lee and Lin, 
1995). On the other hand, CI had a binding ratio to trypsin of over twenty to one 
and to elastase of over sixty to one. It appeared impossible for twenty CI 
molecules to bind to one trypsin molecule or sixty CI molecules to bind to one 
elastase molecule. This phenomenon may be due to the existence of a difference 
in the equilibrium position, i.e. not all the inhibitor molecules added were bound 
to the protease, as a result the calculated binding ratio deviated from the actual 
binding ratio. 
Protease inhibitor and protease counteract to each other. The inhibitor will 
try to inhibit the protease while the protease will try to break down the inhibitor. 
The inhibitor may not be able to totally inhibit the proteolytic activity of the 
protease and will then be digested by the protease. After interaction for a long 
time, the inhibitor may be broken down by the protease but it still binds to and 
inhibits the protease. In such cases, the interaction between inhibitors and 
proteases will be investigated to find out the answer. It has been shown that 
some protease inhibitors, known as temporary inhibitors, will be digested by its 
corresponding protease (Wilimowska-Pelc et al., 1999). However, in the present 
study, the protease inhibitors purified from the Momordica cochinchinensis seeds 
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were not digested by chymotrypsin or trypsin up to 24 hr incubation. According 
to the SDS-PAGE results, CI and TI-1 to TI-5 were not cleaved by chymotrypsin 
or trypsin respectively. Moreover, it seems that the percentage of chymotrypsin 
inhibition remained unchanged after long time incubation of CI with 
chymotrypsin. On the other hand, the estereolytic activities of chymotrypsin 
decreased with time. In contrast, the inhibitory activity of CI did not decrease 
after incubation for 24 hr showing that it is stable after incubation overnight. By 
these three observations, the CI was believed to bind to chymotrypsin very tightly 
and was not liberated from chymotrypsin even after chymotrypsin had denatured. 
I fCI was liberated from the denatured chymotrypsin, CI would then bind to active 
chymotrypsin but not to denatured chymotrypsin anymore and would show up as 
an increase of percentage of inhibition after long time incubation. To sum up, 
the chymotrypsin inhibitor purified from Momordica cochinchinensis seeds bound 
to chymotrypsin very tightly and was not digested by chymotrypsin. Similarly, 
TI-1 to TI-5 were not digested by trypsin. 
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Serine protease inhibitors are widely distributed in plant kingdom and a lot of 
them have been purified and characterized from different species. In the present 
study, strong serine protease inhibitory activities toward chymotrypsin, trypsin, 
elastase and subtilisin were found in Momordica cochinchinemis seeds rather than 
in other species of Cucurbitaceae, including Momordica charcmtia L.’ Cucurhita 
moschcita’ Cucumis sativis, Cucumis melo, Benincasa hispida’ Lagenaria 
siceraria and some Trichosanthes. Totally, there were one chymotrypsin 
inhibitor and five trypsin inhibitors isolated from Momordica cochinchinemis 
seeds. They were purified by using a combination of acid extraction, 
SP-Sepharose column and C18 of RP-HPLC. From 13.3 g of seeds, 1.8 mg of 
CI and about 0.2 mg of each of the TI were obtained. The overall purification 
fold were 15.5 toward chymotrypsin for CI and 3.7, 10.1, 10.9, 10.3 and 8.1 
toward trypsin for TI-1 to TI-5 respectively. Percentage yield of CI was 29.2 % 
and ofTI-1 to TI-5 was totally 10.2 %. 
The isolated chymotrypsin inhibitor, named CI, had a molecular weight of 
6500. The inhibitory constant (Kj) of CI toward chymotrypsin determined by 
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using an optical biosensor cuvette system was 8.30 x 10'^ M at pH 7.4. Such 
constant was similar to those of other Bowman Birk type chymotrypsin inhibitors. 
Moreover, the binding rate between CI and chymotrypsin varied with 
environmental pH. The Ki was smallest in pH 5.0 and highest in pH 9.0, 
showing that the optimum pH for the interaction between CI and chymotrypsin 
was pH 5.0. CI was believed to inhibit chymotrypsin by blocking its active site, 
and so it not only inhibited estereolytic activity of chymotrypsin but could also 
inhibit its proteolytic activity. Besides serving as a chymotrypsin inhibitor. CI 
also inhibited subtilisin strongly, which had a similar proteolytic mechanism with 
chymotrypsin. Trypsin and subtilisin could also be inhibited by CI although the 
inhibitory activity was much weaker. On the other hand, CI had a one to one 
binding ratio to both chymotrypsin and subtilisin. In contrast to temporary 
inhibitor, CI would not be cleaved by chymotrypsin and could tightly bind to 
chymotrypsin even after the chymotrypsin molecule was denatured. 
The five isoinhibitors of trypsin, named TI-1 to TI-5, all had a molecular 
weight around 4500 and thus belonged to the squash type trypsin inhibitor. Their 
Ki toward trypsin ranged from 5.30 x 10"^  to 1.81 x 10'^ M at pH 7.4 in which 
TI-5 had the lowest value and TI-4 had the highest value. Such constants were 
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different from those of other squash type trypsin inhibitors. This might be due to 
the difference of detection method owing to the fact the inhibitors might have 
different behaviors against soluble and immobilized trypsin. Just like other 
squash type trypsin inhibitors, TI-1 to TI-5 were very specific and could only 
inhibit trypsin but not chymotrypsin, elastase nor subtilisin. Moreover, all TI 
could not be cut by trypsin even after 24 hr incubation. 
As a suggestion for further investigation of serine protease inhibitors in 
Momordica cochinchinensis, complete amino acid sequences of CI and TI-1 to 
TI-5 can be done in order to know the relationship between the five isoinhibitors 
of trypsin and to compare the homology with other inhibitors from different 
sources. With more knowledge of serine protease inhibitors, their potential 
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